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18 from recent Investigations into the 


1 


action of carcinogenic hydrocarbons on mice of inbred 


apparent 


strains that new growths may be produced in other 
organs than the site of application. ‘This holds, how- 
ever, only for the kinds of tumor which occur spon- 
tancously in the strain in question, these tumors appcar- 
ing earlier and/or in increased numbers, Simultancousls 
in 1939 Brues and Marble (3), Engelbreth-Holm (4), 
and Mider and Morton (17) were the first to call 
attention to this acceleration of the spontaneous develop- 
ment of tumors. Following the application of carcine- 
PENIC hydrocarbons they observed an acceleration of the 
development of leukemia in the strains used. = ‘These 
investigations have later been confirmed and elaborated 
by the same researchers as well as others: Morton and 
Mider (18), Law (11), Kirschbaum, Strong 
Gardner (10), Kirschbaum and Strong (9), Kirsch- 
baum and Kaplan (8), Kngelbreth-Holm and Lefevre 


and 


(6), Kngelbreth-Holm and Poulsen (7), and Lefevre 
(12). 

Acceleration has also been observed of mammary car- 
cinomas occurring In certain strains of mice by Maisin 
and Coolen (14), Engelbreth-Holm (5), Engelbreth- 
Holm and Lefévre (6), Engelbreth-Holm and Poulsen 
(7), Lefevre (12) and of pulmonary adenomas _ by 
Andervont (1, 2), Lynch (13), and Lefévre (12). 

The most important feature about this process of 
acceleration is the fact that only tumors encountered 
This 


fact forms the basis of Lefévre’s view (12) that car- 


spontaneously Jend themselves to acceleration. 


cinogenic hydrocarbons are only capable of “inducing” 


* This investigation has been supported by grants from 
Anders Hasselbalchs Fond, Kong Christian den Tiendes 
Fond, Carl Scheplers og Hustrus Fond and The Danish 
Anti-Cancer League. 


I 


y 


new growths in tissues where spontancous tumors are 
met with, but not in others. 

For the purpose of elucidating this question and, if 
possible, arriving at an explanation of the mechanism 
of the acceleration the writers of this paper started a 
scries of experiments. One of these will be reported 
below, 

In this series a certain carcinogenic hydrocarbon was 
applied in smal] doses directly to various tissues—tissues 
which develop tumors spontancously as wel] as those 
which do not. ‘The purpose of this procedure was to 
investigate whether the proccss of acceleration observed, 
e.g. following painting of the skin, is due simply to the 
fact that certain tissues are more susceptible to Care 
cinogenic action (because of special inherited qualities) 
than others, and whether new growths can be produced 
in tissues which do not exhibit spontaneous malignant 
growths, 


MATERIAL AND TECHNIC 


The experiments were carried out on mice of the 
Street strain, aged 4 to 6 weeks. ‘This strain has not 
been inbred by brother to sister mating for a sufficient 
number of generations to secure the complete genetic 
uniformity obtainable by a longer period of inbreeding. 
Genetically it is, however, so pure that the incidence of 
new growths in mice of this strain has been constant 
during latter years. Leukemia has been observed in 
about | to 2 per cent, mammary carcinoma in about 7 
and 35 per cent in non-breeding and breeding mice 
respectively, and pulmonary tumors in about 3 per cent 
(12). 


observed 


Moreover, a few cases of tumors have been 
the 


hemangioma of the spleen, granulosa-cell tumor of the 


in other organs (carcinoma of liver, 


9 








13 


ovary, caremoma of the small intestine, squamous-cell 
earemoma ot the skin), 

he mice used for each experiment were litter mates, 
as tar as possible an equal number of males and females, 
Halt of cach litter was left untreated, serving as controls, 
1). 


dimethyl-1, 2-benzanthracene dissolved in 0.01 ce. ot 


In the experunental animals 0.02 mem, of 9 


paratlin was injected directly into one of the following 
tissues: thymus, Iwinph node, subcutaneous tissue, mame. 


mary gland, testis, lung, spleen, kidney, bone marrow, 


Che tollowing techie was employed in injecting the 
hydrocarbon: Tnjectron tnto the thymus was made by 
Munging the needle trom the upper border of the manu 
brium sterm, about 2 to J mm. down, immediately behind 
the sternum, where the hydrocarbon was placed, Before 
miccting an inguinal lymph node the skin was cut about 
Lem. mehal to the Iviaph node. The skin was pulled te 
one side and imection made directly mito the lyviaph node 
The site of miection into the subcutaneous tissue was in 
the lett flank, approximately oudway between the axilla 
amd groin, Tmectron roto the mammary tissue was made 
by placing the hydrocarbon subcutaneously below one of 
the lower mpples, [nection was made into the testis atter 
the latter had been made to descend into the scrotum by 
means ot heht pressure, [nection into the lunge was made 
by pushing the needle through the abdominal wall imme 
drately below the right costal border, through the dia- 
phragm and up through approximately two-thirds of the 
length of the thorax. Before myecting the spleen the skin 
was incised longitudinally on the abdomen, about 1 cm. 
lateral to the mudline: the spleen was grasped with a 
farceps through the abdominal wall. This maneuver tixed 
the position of the spleen suthciently tor makime the myec- 
ton through the abdomimal musculature. The needle was 
plunged from the lower pole of the spleen through about 
two-thirds of its length. Injection into the kidney was 
performed with the same techme with the only difference 
that th: kidmey was exposed by pushing the overlying 
organs to one side by a gentle pressure with a forceps. 
The needle was plunged through the lower pole ot the 
kidney upwards through about two-thirds of its length. 
Injection into bone marrow was made by inyecting the 
hydrocarbon into the medullary canal of the femur. For 
this end the knee was placed in extreme tlexion, the bone 
hetween the two condyles pierced, and the needle plunged 
into the medullary canal of the femur. 


EXPERIMENTS 


Table I shows the number of mice treated in these 
experiments, the number of mice reaching an age greater 
than 3, 6, 9, and 12 months respectively, and the num- 
ber of survivors. Fiftv to 100 mice were used in each 
experiment and a varying number of mice (up to one- 
13 to 15 months after the start of 


—) hat © - = 
suUTV Ive 


The death of a comparative number of mice 


_ > | = 
first months after the 


injections can hardly 


within the ; 
be ascribed to the treatment. The mortality was mainly 


due to an epidemic of enteritis which prevailed among 


This appears also 


} oh, nf ¢5 
some iength or time. 
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from the fact that the mortality was, practically speaking, 
the same 
(able 1). 


‘Table TL contains a survey of the tumors which so 


among experimental and control mice 


tar have been observed among the experimental and 
control mice. In the fractions the numerator represents 
the number of tumors observed, and the denominator 
the number of survivors at the time of death of the first 
tumor-bearing mouse within the experiment in question, 
the survival time (in 


The adjacent) columns give 


months) of the tumor-bearing mice, 


TARLE I] 


a 
ve , : 
, oy , . " - v 
SE & Zen & * 
ES ' ESs - 28 ; 
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9, 10-Dimethyl-1,2- o-5 = ‘Sis & a $e os ‘= 
benzanthracene o's b 6a = = as = 
injected into A= PD Zs DP > & 7p 
Thymus S/oS 3,3,.3, 4, 
5, 4,8 
Inguinal 
lymph node = 2/54 4,5 
Subcutaneous 
tissue _— ~— -— 
Mammary gland — — 2/30 9,11 
Testis — a — 
f ._* 5) ) fe >* -_— 
Lung 1/33 ]2 2/52* 5,7 — 
Spleen — sila oe 
Koadney — 1/19 / -—= 


Bone marrow — eine ies 


* See Discussion. 
Experimental as well as control mice exhibited only 
those kinds of tumor which are characteristic of the 
Street strain, #.e. leukemia, mammary carcinoma, and 
pulmonary tumor. 
So far the controls have developed only 2 cases of 


The 


spontaneous tumors, both mammary carcinomas. 
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absence Of leukemia and lung tumors is no doubt due 
to the relatively briel lapac of time hit ce the experiments 
were performed, Ae WS to 1S months, Tt appears from 


earliet atatiatics of spontaneous tumors in the Street 
stra (12) that mammary carcinoma was observed in 
non-breeding animals from the age of 12 months and 
in breeding mice from the age of 6 months, Leukemia, 
on the other hand, usually did not appear until the age 
of 14 to LS months, although a few cases were observed 
at the age of 7 to 8 months and one in a mouse aged only 
4 months, Pulmonary tumors were not met with until 
the aze of 19 months. Hence, the absence of leukemia 
and pulmonary tumor among the controls of the present 
experiment is in accordance with earlier observations, 
Another feature apparent from the same statistics of 
spontancous tumors in the Street strain (12) is that 
leukemia was usually generalized, exhibiting more or 
less marked leukemic changes in lymph nodes, spleen, 
and most often also 


and liver, lymphosarcomatous 


enlargement of the thymus. Only the case just men- 


tioned of leukemia encountered in a 4 months old 
mouse, appeared in the form of a tumor of the thymus 
without leukemic changes in other organs, 

As apparent from “Fable TL injection of 0,02 mgm. 
of 9, 10-dimethyl-1, 2-benzanthracene into the thymus 
of O& mice was followed by leukemic thymic tumors in 
8 cases, ‘The age of these 8 animals varied from 3 to 8 
months. ‘The same dose of hydrocarbon injected into 
an inguinal lymph node resulted in 2 cases of thymic 
tumor at the age of 4 and 5 months respectively among 
$4 mice. Following injection of the hydrocarbon into 
the lung, 2 cases of thymic tumor were observed at the 
ages of 5 and 7 months among 52 mice. In addition, 
a pulmonary adenoma was observed in a 12 months o!d 
mouse among a number of 33. Injection into the kid- 
ney was followed by 1 thymic tumor in a mouse aged 
7 months. 

Injection of the hydrocarbon into the subcutaneous 
tissue, mammary gland, testis, spleen, and bone marrow 
has so far failed to cause any tumors, 

In all cases microscopical examination was made of 
the thoracic organs, the liver and kidney. “The lymph 
nodes were examined in only a few cases, apart from 
the experiments in which injection was made into the 
lymph nodes. 

Microscopical examination of the thymic tumors 
encountered revealed a picture exactly like the one met 
with in spontaneous leukemia. Nearly all cases exhibited 
invasive growth into the heart and pulmonary tissue. 
Moreover, nearly all the mice affected with thymic 
tumor had perivascular and peribronchial infiltrates in 
the central area of the lungs. Liver, kidney, and spleen 
failed to exhibit leukemic changes in most of the ani- 


mals. Of the 8 mice dying from thymic tumor fol- 
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lowing injection into the thymus, only 1 exhibited a 


moderate leukemic infiltration in the liver. 


Moreover, 
2 additional mice in the same experiment revealed lJeu- 
kem te 


changes in the kidneys, The lymph nodes 


were found to be of normal size except in one of the 
2 cases exhibiting thymic tumor following injection into 
an inguinal lymph node, In addition to the thymic 
tumor, this mouse revealed some perivascular and diffuse 
infiltration in the liver and beginning leukemic changes 
in the peripheral lymph nodes which were slightly 
enlarged, ‘These changes were rather more marked in 
the right inguinal lymph node which was the site of the 
injection, than in the other lymph nodes, but it was not 
a case of local lymphosarcoma, ‘The other mouse, which 
had received the injection into an inguinal lymph node, 


failed 


pheral lymph nodes were normal. 


to exhibit a similar condition, All its peri- 
Neither gross nor microscopical changes could be 
observed at the site of injection in those animals that 
dicd from thymic tumor following injection of the 
hydrocarbon into the lung or kidney. 
The pulmonary adenoma met with in one mouse, aged 
12 months and not affected with thymic tumor, proved 


to be a typical solitary adenoma, about 1 mm. in 


Still, 


occurred in other instances, as microscopical examina- 


diameter. pulmonary adenomas may have 


tion was made only in cases with grossly visible changes. 


Therefore, adenomas visible by microscopical examina- 


tion only, may have been overlooked. 

During the 13 to 15 months’ experimental period 
none of the experimental animals exhibited mammary 
carcinoma, 


DISCUSSION 


It appears from the experiments described above that 
injection of 0.02 mgm. of 9, 10-dimethyl-1, 2-benzan- 
thracene in parafhn into mice of Street strain was fol- 
lowed by the development of leukemic tumors of the 
thymus only, apart from a single case of pulmonary 
adenoma. 

Among the total of 13 thymic tumors 8 occurred 
following injection of the hydrocarbon into the thymus 
gland. Probably the 2 cases encountered following 
injection of the hydrocarbon into the lung belong to 
this experimental group, as the hydrocarbon may have 
been placed in a site whence it has been capable of 
acting directly upon the thymic tissue. Following 
injection into the lung the hydrocarbon in the paraffin 
solution usually settles in the pleural cavity between the 
pulmonary lobes. In a few cases of deaths within a 
couple of months of the injection, the parafhn was 
found in the pleural cavity immediately adjacent to 
the mediastinum. 

One case of thymic tumor, occurring after injection 
of the hydrocarbon into the kidney, developed so late 
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(in a 7 months old mouse) that it may have been spon- 
taneous, considering that spontaneous leukemic tumors 
of the thymus in Street mice are observed in animals 
aged 7 to 8 months (12). 
one of the thymic tumors encountered following injec- 
tion into the lung (in a mouse aged 7 months) and 
to 2 of the 8 cases (in mice aged 7 and 8 months) 
following injection into the thymus. On the other 
hand, it is extremely unlikely that the remaining 6 
thymic tumors, occurring in 3 to 5 months old mice 
among this group of 68, should be spontaneous. ‘The 
same applies to the two cases occurring in mice aged 
4 and 5 months respectively following injection of the 
hydrocarbon into a lymph node among a group of 54 
animals. On the whole it must be kept in mind that 
the controls exhibited no case of leukemia. 


The same may apply to 


The experiments have shown that 0.02 mgm. of 
9, 10-dimethyl-1, 2-benzanthracene is capable of produc- 
ing new growth in thymus only. In other words the 
thymus is considerably more susceptible to carcinogenic 
action than the other tissues investigated. 

This accords well with the observation reported by 
McEndy, Boon and Furth (16). They found the 
incidence of spontaneous leukemia in mice of the high 
leukemia stock Ak to fall after thymectomy, from 77 to 
8 per cent in females and from 61 to 11 per cent in 
males. The interpretation of these results by the 
authors is that the effect of thymectomy 1s due either to 
“removal of site of potentially malignant lymphoid 
cells” or “inhibition of neoplastic growth in general” 
or possibly both. The experiments described in the 
present paper appear to lend support to the theory that 
the thymus is the site of “potentially malignant cells.” 

Injection of the hydrocarbon into a lymph node, per- 
formed in one of the experiments, seems to indicate 
that.the lymphatic tissue also is more susceptible to the 
action of carcinogenic hydrocarbon than the other organs 
investigated, excepting the thymus. 
the figures are too small to form the basis of definite 
conclusions. 


As vet, however, 


As stated above, spontaneous leukemia in Street mice 
is usually attended with major or minor generalized 
leukemic tissue changes, frequently also with lympho- 
sarcomatous degeneration of the thymus. In the present 
experiments, on the other hand, the leukemia was char- 
acterized by the development of a thymic tumor, in 
nearly all cases without leukemic changes in other 
organs. ) 

It has been shown experimentally that leukemic 
changes develop in the course of a brief space of time, 
before the leukemia becomes manifest, in cases of 
spontaneous leukemia (Saxton, Boon and Furth [19]) 
as well as of induced leukemia (McEndy, Boon and 


Furth [15]). Considering the usually more rapid 





course of induced leukemia on the whole, it is not at 
all unlikely that the development of the thymic tumors 
occurring in the experiments described above was s0 
quick that death ensued before major changes had 
time to manifest themselves. One cannot, however, 
rule out the possibility that the induced thymic tumors 
have had a stronger tendency to lymphosarcomatous 
growth without dissemination of the malignant cells than 
usually encountered in cases of spontaneous thymic 
tumors. 

Injection of 0.02 mgm. of the hydrocarbon into 
the mammary tissue failed to result in the development 
of mammary carcinoma. One might be entitled to 
expect it, considering that painting with carcinogenic 
hydrocarbons (Engelbreth-Holm |4, 5], Engelbreth- 
Holm and Lefévre [6], Lefévre [12]) proved capable 
of producing an acceleration of spontaneous mammary 
carcinoma. In these cases it was, however, a question 
of experiments with other strains of mice, 7.e. Aka and 
Little’s dilute brown. Using Street mice Lefévre (12) 
did not succeed in producing any acceleration of the 
development of mammary carcinoma by painting with 
9, 10-dimethyl-1, 2-benzanthracene or with methylcho- 
lanthrene. Still, Engelbreth-Holm and Poulsen (7) 
have observed acceleration of mammary carcinomas in 
Street mice following ingestion of 9, 10-dimethyl-1, 2- 
benzanthracene. No explanation has as yet been found 
of this apparent disagreement. ‘Thus, there seems to 
be a difference between the various strains exhibiting 
spontaneous mammary carcinoma as regards the accelera- 
tion of mammary growths. This difference is pre- 
sumably of genetic origin or possibly due to a difference 
regarding the presence of the milk factor. 

Lung tumors were not encountered in the present 
experiments, a surprising finding in view of the fact 
that Lefévre (12), painting Street mice, found a marked 
acceleration of the development of lung tumors.  Pos- 
sibly the explanation is that the hydrocarbon has been 
used in too small doses or that the time of observation 
has been too short. 

The experiments have clearly shown the different 
susceptibility to a given dose of a given hydrocarbon on 
the part of the different tissues. In the strain investi- 
gated, in which leukemia is the growth most easily 
accelerated, the thymus has proved to be far more sus- 
ceptible than any other injected tissue, reacting by 
developing growths following action from 0.02 mgm. 
of hydrocarbon. This dose was unable to produce local 
growths in any other tissue in the course of the experi- 
mental period (about 1 year). 

The tumors most commonly met with in the strain: 
ma:amary carcinoma and pulmonary adenoma, failed to 
appear within the period of observation following local 
injection of 0.02 mgm. of the hydrocarbon. 
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The great susceptibility of the thymus might indicate 
a reason for the accelerated development of leukemia 
following painting of the skin. Possibly, small quan- 
tities of hydrocarbon, absorbed from the skin and cir- 
culating in the organism, are sufficient to produce neo- 
plastic growth in particularly susceptible tissues, but 
not in others. 


SUMMARY AND CONCLUSION 


9, 10-Dimethyl-1, 2-benzanthracene, 0.02 mgm., was 
injected into each of the following tissues: thymus, 
lymph node, subcutaneous tissue, mammary gland, testis, 
lung, spleen, kidney, bone marrow. Leukemia (lym- 
phosarcomatous tumor of the thymus, in nearly all cases 
without other leukemic changes) was observed following 
injections, into the thymus, in 8 of 68 mice; into a 
lymph node, in 2 of 54 mice; into the lung, in 2 of 
52 mice; and into the kidney, in 1 of 19 mice. Apart 
from a single pulmonary adenoma, no other growths were 
encountered. Injection of the hydrocarbon into the 
other organs mentioned failed to cause local tumor 
formation. ‘The controls exhibited two cases of mam- 
mary carcinoma but no leukemia. 

It is concluded that the thymus is more susceptible 
to the direct application of the hydrocarbon used than 


are the other tissues investigated. 
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The variety of tumors observed in rats fed with 
acetylaminofluorene suggests constitutional differences in 
Wilson, DeEd and Cox (8), 


reported 29 carcinomas and 1 sarcoma in 39 rats of an 


response to this chemical. 


inbred albino stock which had been fed 2-acetylamino- 
fluorene in various concentrations. ‘he most frequent 
sites were bladder and mammary gland.  Bielschowsky 
(1) observed 105 neoplasms in 93 Wistar rats which 
ingested 4 mgm. daily for 30 weeks. ‘The majority of 
neoplasms were malignant hepatomas, mammary cancer 
and cancer of the external acoustic duct. He observed 
no tumors of the urinary bladder, and found 23 of the 
27 mammary cancers in intact females and the majority 
of malignant hepatomas to be in male rats. Aside from 
sex as a differential in the localization of these tumors, 
Bielschowsky (2) in a second paper reported the induc- 
tion of multiple adenomas of the thyroid and 1 macro- 
scopic adenocarcinoma of the thyroid in 10 rats fed 
2-acetylaminofluorene in combination with allylthiourea. 
Lopez (6) reported a glioma as well as hepatoma and 
mammary tumors in rats fed this chemical. Heiman 
(5) reported 4 salivary gland and 2 parathyroid tumors 
in Wistar rats following the introduction of the acetyl- 
aminofluorene directly into the pharynx with a syringe 
and curved needle. 


MATERIAL AND METHODS 


The present experiment included 10 female rats 
When the rats 
were 3 to 4 months of age they were placed on Sher- 
man’s mash (66 per cent whole wheat flour, 33 per cent 
whole milk powder and 1 per cent salt) as a control 
diet for 3 weeks. Then the acetylaminofluorene was 
added to the diet in a 0.05 per cent concentration. 
The mash containing the chemical was fed for 365 
days and the experimental rats alive at the end of this 


from each of 5 different inbred lines. 


period were continued on the control diet without the 
chemical for the remainder of their lives. The mash 
was so finely ground that it was impossible for the rats 


to select against the chemical but they ingested some- 
what less than was fed to them, due to some unrecovered 
waste, 

‘Table I shows that the rats of the several strains varied 
in their appetite for the control diet as well as in the 
amount of food they ingested after the chemical was 
added. ‘The average consumption of the control diet 
varied from 8 gm. per rat per day for the Marshalls 
After the 
chemical was added to the diet the appetite of the rats 


to 9.5 gm. for rats of the August strain. 


diminished and the average for the experimental period 
varied from 6.1 gm. per rat per day for the Copenhagens 
to 7.2 gm. per rat per day for the Augusts. ‘The amount 
of acetylaminefluorene fed varied from 3 mgm. per rat 
per day for rats of the Copenhagen strain to 3.6 mgm. 
per day for rats of the August strain. ‘The average for 
the entire group was 3.4 mgm. per rat per day but as 
previously mentioned somewhat less than this amount 
was ingested, due to a certain amount of unrecoverable 
At the end of the experimental feeding period, 
7 of the Marshall, 5 of the August, 4 each of the 
Fischer and A X C rats had died and all of the Copen- 
The latter had been fed 


10.6 gm. of acetylaminofluorene or an average of about 


waste, 


hagen rats were still living. 


| gm. per rat and the amount of chemical fed to the 
others varied from 5.7 gm. for the Marshalls to 10.9 
gm. for the A-X C rats. 


TABLE I: For EAcH STRAIN THE NUMBER OF RATS, 

AVERAGE DAILY CONSUMPTION OF CONTROL AND EXPERI- 

MENTAL Diet, TOTAL AND AVERAGE DAILY AMOUNT OF 
ACETYLAMINOFLUORENE FED 


0.05% Acetylaminofluorene 


No. Control Average Total Average 
of diet, diet, gm, mgm. 
Strain rats gm./day gm./day Chem. Chem. day 
Marshall 10 8.0 6.9 57 3.4 
August 10 9.5 7.2 10.1 3.6 
Fischer 10 8.2 6.4 9.0 3.2 
Copenhagen 10 8.2 6.1 10.6 3.0 
AXC 10 9.4 7.1 10.9 3.5 
Total 50 8.6 6.7 46.4 3.4 
Control 10 7.8 
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Fic. 1.—Survival period and tumor history for each rat. 
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RESULTS 


The results are summarized briefly in 
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Table IL and 
graphically represented in Fig. 1. 
months for the Marshall 
rats to 18.3 months for the Copenhagens. 


vival period varied from 7.2 


the liver were the most constant finding and_ they 
included cirrhosis, hyperplasia of the liver cells and bile 
ducts and benign and malignant tumors arising from 
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The average sur- 


Lesions of 


es ae Oe ne -- —~ ee ee ore a-< eee an a one —— 


7+ 


were Copenhagen and the other was an A XC. These 


tumors were not associated with calculi as will be 


described in a later publication for bladder tumors 
induced by stilbestrol in rats of the Copenhagen and 
A X C strains. 
der mucosa was observed in several other rats of these 2 


strains and bladder lesions were absent in rats of the 3 


Hyperplasia and thickening of the blad- 


other strains. 


TABLE II: For Eacu STRAIN THE AVERAGE SURVIVAL PERIOD AND THE NUMBER OF RATS WittH LIVER, BLADDER 
AND MAMMARY GLAND TUMORS 


Liver lesions 
ate 





No. Age at Aver. r - ~ Mammary Tumors 
of start, days to Benign Malig. Bladder tumors gland tumors in other 
Strain rats days death Cirrh. tumors tumors benign malig. benign malig. locations 
Marshall 10 120 215 8 6 2 () () () 0) () 
August 10 110 304 8 5 2 ()’ () () ] () 
Fischer 10 100 310 LO 7 l () () () 2 () 
2 = 10 139 380 8 5 0) () l () ] l 
Copenhagen 10 144 549 l 0 2 2 2 () 0) l 
Total 50 123 353 35 23 7 2 3 () 4 2 
Control 10 27 474 0 0 () (0) 0 l 0) l 


the liver cells, stroma and bile ducts. The morphology 
of the liver tumors parallels those described by Opie (7) 
in rats fed butter yellow. Representative types are 
illustrated in Figs. 2 to 9. The Marshall rats appeared 


All of 


to be the most susceptible to the liver lesions. 


these rats that died after 22 days of acetylaminofluorene - 


feeding had cirrhosis and those that died after 87 days 
had benign or malignant liver neoplasms or both, all but 
The 


Fischer rats also all showed cirrhosis of the liver, the 


one of which arose from bile duct epithelium. 


first after 64 days of acetylaminofluorene feeding and 
all but one, which died after 178 days, had neoplasms. 
These tumors, with one exception, were of primary liver 
cell origin. Two August rats died after 50 and 162 
days, respectively, with no liver lesions but the remainder 
had cirrhosis and liver neoplasms including 1 sarcoma, 
Cirrhosis was 
not as conspicuous in rats of the A X C sstrain, but 


Four A X C rats had 


multiple liver cell hepatoma, 2 of which were associated 


3 bile duct adenoma and 3 hepatoma. 
some scarring was found in 8. 


with cirrhosis and one had multiple bile duct adenoma, 
also (Fig. 8). The Copenhagen rats all out-lived the 
termination of the acetylaminofluorene feeding. ‘The 
only rat of this strain in which cirrhosis of the liver was 
observed died 28 davs following the end of the acetyl- 
rats, which died 
7 months and (Fig. 9) a year respectively after the 
termination of the experimental feeding, had extensive 


aminofluorene feeding. However, 2 


liver cell cancers. Possibly these rats had previously 
shown some cirrhosis which was completely healed by 
the time of their death. 


Bladder tumors were observed in 5 rats, 4 of which 


Four malignant mammary gland carcinomas were 
observed, 2 in Fischer females and 1 each in the August 
and A X C rats. Fig. 10 shows a section of one of 
those which were observed in Fischer rats and Fig. 11, 
the lung metastasis in the one that died 376 days 
after the beginning of acetylaminofluorene feeding. ‘The 
morphology of the tumor found in the August rat was 
exceptional (Fig. 12). This tumor seemed to be com- 
posed chiefly of flat epithelial cells arranged in gland- 
like structures. Malignant mammary tumors rarely 
An earlier 
analysis (3) showed about 1 in 4,500 untreated females 
over 11 months of age. 


occur spontaneously in any of these rats. 


Further, these tumors did not 
appear to be associated with the precancerous lesions 
frequently observed in rats with stilbestrol-induced mam- 
mary cancer. 
of the 


adrenals or pituitary. 


There was no generalized hyperplasia 
mammary tissue or increase in size of the 
These factors are being more 
carefully studied in subsequent series of rats fed acetyl- 
aminofluorene in special diets. 

One Copenhagen rat had an internal abdominal 
tumor which was accidentally discarded without deter- 
mining its location or histogenesis and one A X C 
rat had a squamous carcinoma of the ear. 

The controls, composed of 2 rats of each strain, sur- 
vived an average of 474 days after the beginning of 
the experiment or longer than any of the experimental 
groups except the Copenhagens. No liver or bladder 
lesions were observed in these rats) One Marshall rat 
had a benign fibroadenoma of the mammary gland and 
one Copenhagen had a benign tumor of the thymus, 


which is fairly characteristic of these rats (4). 
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Fic. 2-—Benign hepatoma in A XC female rat 462 
days after beg.nnng of ace ylzmnofluorene feeding. 202 days after cessaticn of acetylaminofluorene feeding. 
Mag. X 150. Mag. X 150. 


Fic. 3—Cholangicma in Marshall female rat 174 Fic. 5.—Lung metastasis of malignant hepatoma shown 
days after cessation of acetylaminofluorene feeding. in Fig. 4. Mag. % 150. 
Mag. X 150. 


Fic. 4.—Malignant hepatcma in Copenhagen ferra‘e rat 
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Fic. 6.—Sarcoma in liver of August female rat 366 adenoma in A x C female rat 160 days after cessation of 


days after beginning of acetylaminofluorene feeding. acetylaminofluorene feeding. Mag. X 150. 
Fic. 9—Primary liver cell carcinoma in Copenhagen 


Mag. X 150. 
Fic. 7.—Metastasis in pancreas of liver sarcoma shown female rat 369 days after cessation of acetylaminofluorene 
m Fig. 6. Mag. x 150. feeding. Mag. « 150. 


Fic. 8.—Benign hepatoma of liver cells and bile duct 
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Fic. 10—Adenocarcinoma of mammary gland in Fischer 
female rat 376 days after beginning of acetylaminofluorene 
feeding. Mag. « 150. 

Fic. 11.—Lung metastasis from mammary adenocar- 
cinoma shown in Fig. 10. Mag. x 150. | 

Fic. 12.—Adenoacanthoma of mammary gland in 


ee a SS - 


August female rat 391 days after beginning of acetyl- 
aminofluorene feeding. Mag. 150. 

Fic. 13—Papillary carcinoma of bladder in AX C 
female rat 160 days after cessation of acetylaminofluorene 
feeding. Mag. X 150. 
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SUMMARY 


1. Fifty rats of 5 different inbred lines were fed 
an average of 3.4 mgm. daily of 2-acetylaminofluorene 
in Sherman’s mash. Forty-one neoplasms were observed, 
15 of which were. malignant, one not known, and the 
remainder probably benign. 

2. Rats of the Marshall, August, Fischer, A X C, 
and Copenhagen strains survived an average of 7.2, 10.1, 
10.5, 12.7, and 18.3 months, respectively, after the 
The 


trols lived an average of 15.8 months after the begin- 


beginning of acetvlaminofluorene feeding. con- 
ning of the experiment. 

3. Lesions of the liver were most frequent but not 
quantitatively associated with the amount of acetvl- 
aminofluorene ingested. Cirrhosis was noted in 35 rats 
including 8 each of 3 strains, all of a fourth and only 
1 of the fifth. Twenty-three benign hepatomas and 
bile duct adenomas were observed, usually associated with 


cirrhosis. Seven malignant liver neoplasms included 2 


sarcoma, 2 


carcinoma of bile duct origin and 3 liver 
cell carcinomas; 2 of the latter showed no cirrhosis in 
the sections of the liver which were examined. 

4. Six of the 8 liver neoplasms observed in Marshall 
rats were of bile duct origin, while 7 of 8 liver tumors 
in Fischer rats arose from the primary liver cells. No 
bile duct tumors were observed in Copenhagen rats, 
only one in the A X C rats and both bile duct and 
liver cell tumors were equally represented in the August 
rats. 

5. Bladder papilloma and squamous cell cancer were 
observed in 5 rats including 4 Copenhagens and 1 
A XC, 


other strains. 


Bladder lesions were absent in rats of the 3 
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6. Malignant mammary tumors were observed in 4 
rats including 1 August, 1 A X C and 2 Fischer strain 
anunals. 

7. Only 10 rats of each strain were tested but they 


suggest real constitutional differences in response to 


this chemieal. 
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INTRODUCTION 


The purpose of this paper is to present certain 
heterogeneous observations recorded during an investiga- 
tion of leukemogenesis in irradiated mice. Inasmuch 
as some of this data is a prerequisite to the proper plan- 
ning of other experiments on induced leukemia, it 1s 
felt that this communication may help other inves‘iga- 
tors in this field to avoid experimental pitfalls. 

Radiation 


important exogenous leukemogenic agents in mice (8, 


has been established as one of the most 


12, 16), and there is evidence suggesting that it exerts 
a similar influence in man (13, 22, 30). The experi- 
mental literature on spontaneous and induced leukemia 
and lymphoid tumors has been summarized in recent 
years by Furth (5), Kirschbaum (15), and Engelbreth- 
Holm (4). 

The sequence of events which occurs during the 
latent period between exposure to the agent and the 
appearance of the tumor or leukemia is still a subject 
of speculation. However, a number of factors which 
control or modify the incidence of the disease have been 
elucidated, among which may be listed the dosage of 
the agent (9, 14), the genetic constitution of the mice 
(16, 23), the nutritional state (18, 28), and the mater- 
Sex differentials in the 
incidence of lymphoid tumors have been reported in 
some strains (21, 24) but not in others (17). That 
the sex hormones play an important role is attested 
by the fact that estrogens are capable of inducing these 
Moreover, 


nal age at parturition (19). 


tumors in certain strains of mice (9). 
ovariectomy has been shown to decrease, and orchi- 
dectomy to increase, their incidence in other strains 
(21, 24). 

However, little is known about the relationship 
between the age at the time of exposure to the agent 
and the subsequent incidence of lymphomas. Cowdry 
and Suntzeff (2) found that the percentage of methyl- 
cholanthrene-induced epidermoid tumors varied with 








* These investigations have been aided by a grant from 
The Jane Coffin Childs Memorial Fund fcr Medical 
Research. 
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age in one strain of mice but not in another. An 
experiment designed to demonstrate a similar age- 
dependence in the case of induced lymphoid neoplasms 
might establish age as a new variable, and might give 
some clue as to the mechanism of action of the leukemo- 
genic agent. ‘The results of one such experiment are 

In view of the strain variation noted 


by Cowdry and Sun:zeff, and in order to further inves- 


here reported. 


tigate this age-dependence factor, work is now being 
repeated with larger numbers of mice per age group, a 
larger series of groups, and a different strain of mice. 

The results of two initial experiments intended to 
determine the influence of thymectomy and splenectomy, 
respectively, on the incidence of radiation-induced 
lymphomas are also reported here because the data per- 
taining to age-dependence render them inconclusive, 
thus illustrating the importance of controlling and 
suitably selecting age in designing such experiments. 
Furth and his co-workers (6, 21) found that thymec- 
tomy greatly reduced the incidence of spontaneous 
lymphoid tumors in strain Ak mice, while splenectomy 
had no influence. ‘The data to be reported here are 
equivocal but would suggest that removal of the thymus 
slightly decreased the incidence and markedly delayed 
the appearance of radiation-induced lymphomas, while 
splenectomy reduced the incidence but did not affect 
the latent period.’ 

Incidental observations pertaining to the sites of 
origin of these neoplasms, their probable unicentric 
initial development, and their dissemination through the 


body are also presented. 


MATERIALS AND METHODS 


The age-dependence study will be referred to <s 
Experiment I, that on thymectomy as Experiment II, 





* The term “latent period” 1s used syncnymously with 
“inducticn time” here, and both terms refer to the lapse 
of time between the first x-ray exposure and the observa- 
tion of a grossly detectable lymphoid tumor, either at 
autopsy or at the onset of pronounced dyspnea in a subse- 
quently autopsied mouse. 
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Strain A 


mice, initially obtained from Dr. L. C. Strong and 


and that on splenectomy as Experiment III. 


subsequently bred in the laboratory, were used for all 
experiments. In previous work with this strain, the 
in 80 


untreated animals was 3.8 per cent; no lymphoid 


incidence of spontaneous lymphoid tumors 


tumors were observed in 55 animals treated with methyl- 
cholanthrene (16). Spontaneous lymphomas are quite 
rare in strain A mice less than 1% to 2 years old. 

In Experiment I, a total of 198 mice, equally 
divided by sexes, were irradiated by groups at 2 weeks, 
1 month, and 2, 3, 4, and 6 months of age, respectively. 
Roentgen radiation was given in fractionated, daily 
doses of 50 r on 12 consecutive days for a total of 
600 r of whole body radiation; the physical factors 
were 125 K.V.P., 6 Ma., 3 mm. Al filter, 30 cm. dis- 
tance, 43 r per minute. ‘The mice were placed in per- 
forated cardboard boxes measuring 5 X 6 X 1% inches 
which were then carefully positioned for treatment, 


each box containing 5 to 7 mice. Deaths attributable 


TD 


anesthesia, by the method of Segaloff (29). Of these, 
35 were operated upon 1 week before irradiation, and 
38 were subjected to thymectomy about 1 month after 
the end of x-ray exposure. Similarly, in Experiment III, 
36 mice were splenectomized one week before irradia- 
tion, and 48 others 1 month after, for a total of 84 
animals. The controls for these experiments served also 
as the 2 and 3 month age groups of Experiment 1, 
Both sexes were equally represented among the animals 
surviving through the latent period. The diet and gen- 
eral environment paralleled the conditions of Experi- 
ment I. 


RESULTS 


The results of Experiment I are summarized in Table 
I, together with incidental observations on the occur- 
rence of ovarian and mammary tumors, and the net 
incidence of lymphoid tumors by age groups is graphi- 
It can be seen that the 
greatest incidence of lymphoid tumors occurred in the 


cally presented in Fig. I. 


group irradiated at one month of age, and that there is 





to irradiation occurred in a small number of animals in’ a sharp drop between 1 and 2 months. The number 
TABLE I: AGE AND SEX IN RELATION TO LYMPHOMA [INCIDENCE 
Age at onset of irradiation Total 
2 wks. 1 mo. 2 mos. 3 mos. | 4 mos. 6 mos. of 2 Both 
Total initial No. of mice 23 23 38 54 20 30 99 99 198 
Deaths within 4 months after 
irradiation 16 2 3 8 4 10 21 22 43 
Net No. of mice 7 31 35 46 16 20 78 77 155 
Lymphoid tumors 
No. l g l 5 l 0) 10 7 7 
Net incidence, % 14.3 29.0 2.8 10.9 6.2 0.0 12.8 9.1 11.0 
Ovarian tumors 
No. 0) 6 1 2 l 0 10 
Mammary tumors 
No. () 0) 0 1 2 l 4 


each group except for the 2 week old mice, which suc- 
cumbed in such large numbers that an inadequate residue 
remained for observation. Following irradiation, the 
mice were maintained with no further experimental 
treatment and observed for the development of lymphoid 
tumors. All mice surviving approximately 1 year after 
irradiation were killed and the experiments terminated. 
The maximal age of the animals was therefore 12 to 18 
months. During this period the mice were caged in 
groups of 4 to 6 and received Purina fox chow checkers 
and water ad libitum. 

Experiments II and III were set up concurrently 
with Experiment I, and the same roentgen dosage was 
employed. ‘The mice in these experiments, however, 
were all 2 to 3 months of age at the time of irradiation. 
A total of 73 mice were thymectomized, under ether 


of tumors developing in the 1 month group was greater 
than the combined total among all of the older age 
groups. ‘There were 10 lymphomas among 38 surviv- 
ing animals treated at 1 month of age or younger, an 
incidence of 26.4 per cent, and only 7 tumors (6.0 
per cent) among 117 mice 2 months of age or over at 
the time of irradiation. ‘The average induction time 
for the entire series of 17 tumors was 215.0 days. ‘The 
10 tumors in the combined younger group had an aver- 
age induction time of 207.9 days, against an average 
of 225.4 days in the older age groups. ‘The minimum 
induction time was 157 days, in a mouse of the 1 month 
old group, and the maximum, 301 days, in a mouse of 
the 3 month old group. ‘Ten of the 17 tumor-bearing 
mice were males, and 7 were females. ‘This sex differ- 
ence is not considered significant. 
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Of 73 thymectomized and irradiated mice, a total of 
45 (22 males, 23 females) survived for at least 5 months 
after radiation. Only 2 surviving mice of this group 
(4.2 per cent) developed lymphoid tumors, with induc- 
tion times of 379 and 437 days, respectively. One of 
these had been thymectomized prior to x-ray treatment; 
the other, 1 month after radiation. No residual or 


FIG.1. NET INCIDENCE OF LYMPHOID TUMORS BY AGE GROUPS 
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recurrent thymic tissue was found at autopsy in control 
The results in the thymec- 
tomized animals must be compared with those in intact 


or experimental animals. 


irradiated controls of the same age at the time of treat- 
The combined incidence for the 2- and 3- 
month old control’ groups was 7.4 per cent, and the 
latent periods ranged from 162 to 301 days, with an 
average of 229 days. The difference in incidence 1s of 
doubtful significance, but the difference in induction 


ment.” 


time appears quite pronounced. ‘Ten thymectomized 
and irradiated mice are still alive more than a year 
after irradiation, and it is possible that additional tumors 
may still appear in this small group. ‘Thymectomized 
but nonirradiated controls were omitted because of the 
very low incidence of spontaneous lymphomas in non- 
Likewise, in Experiment 
III, no splenectomized, nonirradiated mice were main- 
tained, 


irradiated mice of this strain. 


In Experiment III, 57 mice (29 males, 28 females) 
of an initial total of 84 survived at least 5 months, and 
only one of these (1.7 per cent) developed a lymphoma 
231 days after treatment. Using the control data cited 


in the paragraph above for comparison, there appears 


a 





* These controls also served as the 2- and 3-month-old 
groups of Experiment I, and as intact controls for Experi- 
ment III. 





to have been a slight decrease in incidence, of ques- 
tionable significance, without a corresponding increase 
in induction time following splenectomy. It is appar- 
ent, however, that results of greater significance might 
have been obtained had the age been so selected as to 
yield a maximal number of tumors in the analogous 
controls. Unfortunately, the age-dependence data were 
not available when these experiments were initiated, 
and the marked discrepancy between the incidence of 
the 1- and 2-month-old groups was not suspected. 
These experiments are now being repeated using younger 
mice of strains A and C57 black. 

The tumors were all lymphomas of the stem-cell, 
lymphoblastic, or lymphocytic varieties, -apparently 
identical with those induced by methylcholanthrene 
(20) or by estrogens (9). 


forms were seen. 


No myeloid or monocytic 
The thymus is by far the organ most 
commonly involved. The spleen is distinctly less 
often infiltrated, and certain non-lymphoid organs (the 
lung, liver, kidney, heart, and adrenal, in order of 
frequency) are invaded more often that the superficial 
lymph nodes. ‘These nodes, which are usually involved 
early in the course of the spontaneous disease, are 
often completely devoid of lymphoma, both macroscopi- 
cally and microscopically, in the radiation-treated ani- 
mals. ‘The mediastinal lymph nodes are not uncom- 
monly invaded by direct extension from the thymus, 
and the mesenteric nodes are distinctly more often 
affected than the superficial nodes. There is invasion 
of the peripheral blood to give a true leukemia in a 
considerable number of instances, and white blood cell 
counts as high as 800,000 have been observed. The 
exact percentage of tumor-bearing mice 
leukemia becomes manifest is 


in which 
unknown because the 
disease was undetected until autopsy in a number of 
instances. ‘The brain and testis have rarely been infil- 
trated in the animals observed to date; in 2 animals, 
focal collections of tumor cells were noted in the 
meninges. Several of the tumors have been successfully 
transplanted, by subcutaneous, intravenous, intraperi- 
toneal, or intraocular inoculation, into other strain A 
mice, F, hybrids of strain A parentage, and rarely into 
Bagg albino mice. ‘They have not grown on inoculation 
into the anterior chamber of the guinea pig eye, follow- 
ing the technic of Greene (11). 

The route of dissemination of the disease is not 
It might be surmised, from the fact that frank 
leukemia occurs not uncommonly, that the tumor enters 
the blood stream and reaches distant organs by the 


clear. 


hematogenous route. However, histological study reveals 
that the tumor collections in the lungs occur in and 


ultimately occlude the peribronchial and _ perivascular 


lymphatic channels (Fig. 4), and secondarily spread to 


the subpleural lymphatics; parenchymal pulmonary 
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Infiltration, either m the form of massive consolidations 
packed with tumor cells or as focal aggregations ino the 


alveolar walls, is much leas common.  Suyilarl. the 


perivascular Iwinphatic spaces of the hepatic portal 


triads are the most common site of involvement ino the 
livery occasionally accompanied by tumoreecell collections 


W hen the 


the spleen has not been completely 


mvading the sinusoids of the parenchvana, 
architecture ot 
obliterated by tumor, the white pulp is seen to be 
mvaded tirst, tn the kidney, the glomeruli are rarel 
involved; the peritubular zones of the cortex and the 
subepithelial winphatic spaces of the pelvis are the usual 
sites of infiltration, at times accompanied by massive 


subcapsulay and perirenal accumulations whieh oma 


secondarily invade the periphery of the adrenal or ovary, 
Ik would appear, therefore, that the Ivinphatic route 
also plavs an umportant role in the dissemination — of 
these tumors, 

Controversy has long existed as to whether Iwinphati 
leukemia and Ivmphoid tumors represent. a primarily 
svetemic disease, ormgimating simultaneously in multe 
centre foer or an initially unicentrie neoplastic proli!- 
eration which later disseminates, Potter, Vietor. and 
Ward (20), working with spontaneous leukemia in 
strain CSS mice, collected evidence suggesting that the 
disease may be unicentric, usually preceded bv reticular 
hyperplasia and Ivmphopotesis which varied ino degree 


Mekndy, Boon, 


and Farth (20) studied the early stages of leukemo- 


in successively biopsied Iwiaph nodes, 


genesis In mice of the Rt stock which had been painted 
Chev 


brupt mahgnant change takes place in the Ivmphoid 


with methvicholanthrene. found that a rather 


oer 


tissues with the apparently stmultancous appearance of 
large, atvpieal mononuclear 


When 


a histological diagnosis of leukemia 


“tumor” cells in the spleen 
and Iwmph nodes. these cells were too sparsel\ 
present to support 
in Ivmph node or spleen sections, bioassay of other 
tissue fragments from the same node or spleen fre- 
quenil 


confirmed the malignant change. Thev con- 


cluded that leukemia induced by methvicholanthrene 
esults from 


an abrupt malignant change in multiple, 


widely scattered cells of the Ivmphoid series. 


*'The terms “monocentmc” and “unmtcentric” are used 
loosely to denote orig:n in a single lymphoid organ and 


not mn the strict sense of origin ina single focus within an 


rr > 
oT Sst ti. 


DESCRIPTION OF 


Fics. 2 and 3.—Sections through the thymus reveal, in 
pach cas 1al lobe (B) and a greatly enlarged lobe 
each case, a normal kc (B) and a greatly enlarged lobe 
(A) which ts replaced by a lymphoid tumor. In both 
instances the other Iwmphoid and visceral tissues were not 
involved. 

Fic. 4+-—Low-power magnification of the lung revealing 


' Research 


Lhe 


thvinus in certain spontancous taistances and ti most of 


predominant and carly involvement ol the 


the estrogens or xetavetnduced tumors would tn 


that the 


itwel| 
vite of a 
‘This 
Mekndy, Murth 


(21) demonstrated that thymectomy greatly reduced the 


sUuBBES thymus may be the ONO 


eontrie ormpin ot the disease, thesis received 


additional when and 


support Boon, 
TY idenee ot SPON TAN COUS leukemia Hn) Hic of the \k 
stock, but that spleneetomy had no such effect, Ta the 
course of the present mivestigation, several antmals have 
been Killed near the end of the latent: period because 
of dyspnea, and a gross examination revealed no abnor. 
malities except for maininal enlargement of the thyinus 
and perhaps a slight change im tts consisteney, Oy 
however, One lobe of the 


histological examination, 


thyinus was seen to be completely replaced by alvin. 
ptrarnnra while the adyacent lobe exhibited intact archi 
tecture and no definite evidence of mitiltration (Pips, 2 
and 3), 


nodes and spleen, Were apparently free of disease, These 


All of the other organs, tncluding the lvinph 


chance observations clearh tnadicate thatooa Ivinphord 


tumor may arise and proliferate im one lobe of the 


thvaus at a time when the other lobe, and all of the 


other tissues, are histologically uninvolved. Tn another 
instance, One lobe of the thyinus was of normal size, 
the opposite lobe was enlarged and Iainphomatous, and 
two adiacent Wwinph nodes were intensely hyperplastic 
but apparently contamed no tumor, “Phat the thymus 
is merely the most susceptible and not the sole site of 
origin is also madicated by the infrequent development 
of primarily splenic Ivmphomas in both intact and thy- 
mectomized Mice, To date, no instance ola radtation- 
induced Ivmphoma apparently originating im a_ pert 
pheral Iwmph node has been observed. — Bioassay studies 
during the latent period, using the thymus glands ot 
irradiated mice, should vield additional information con- 
unicentric origin of 


cerning the problem of — the 


l\ mphomas, 


INCIDENTAL OBSERVATIONS 


The development of ovarian tumors after irradiation 
of mice has previously been reporied by Furth and his 


co-workers (7, 8). ‘Ten mice in’ Experiment | 
developed tumors of the ovary which were bilateral in 
instances, 


four Additional ovarian neoplasms might 


FIGURES 2 TO § 


dark areas of lymphoma in the peribronchial spaces, and a 
subpleural tumor nodule. 

Fic. 5.—Ovarian tumor of the luteoma variety showing 
cells with small, round, pale nuc'ei and extremely pale 
cytoplasm, above which is an adenomatous type of tubular 
proliferation mixed with some lutein cells. 
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have been expected if the experiment had been main- 
tained longer. Six of these 10 mice had been irradiated 
at 1 month of age, suggesting that age may also modify 
the incidence of radiation-induced ovarian tumors. 
These neoplasms, occurring in anovular ovaries, were 
predominantly composed of sheets of cells having a small 
round nucleus and rather large amounts of clear cyto- 
plasm; this type has been previously designated as a 
luteoma (Fig. 5). Less often, atypical granulosa cell 
tumors have been observed. In a number of instances, 
these two cellular types have occurred side by side in 
the same ovary. No metastases have been observed to 
date. ‘The latent period has been approximately 6. to 
9 months for most of these neoplasms. 

Breeding female mice of Strain A, having the milk 
influence, are highly susceptible to the development of 
spontaneous mammary tumors. ‘The incidence of these 
tumors is sharply reduced by: irradiation. In Experi- 
ment I, only females that were old enough to be breed- 
ing at the time of irradiation (the 3 to 6 month age 
groups) bore any of these tumors, and the total inci- 
dence was only 4 in surviving females, or approxi- 
mately 3 per cent. Only 1 animal had both an ovarian 
and a mammary tumor. Whether the inhibition caused 
by roentgen radiation was due not only to sterilization 
but in part also to diminution of circulating levels of 
that after 


doses of x-rays adequate to destroy all ovarian follicles, 


esirogen is not known. It is well known 
estrogen production persists in quantities adequate to 
permit the continuation of estrus cycles (10, 25). It 
is probable, however, that some decrease in estrogen 


secretion occurs after radiation. 
DISCUSSION 
The results presented are preliminary and do not 


The 


dependence of radiation-induced lymphoid tumors, if 


Warrant extensive discussion at this time. age 
verified on reinvestigation, would suggest some interest- 
ing implications. The apparent critical period of sus- 


ceptibility is somewhere between 1 and 2 months 
of age, which, in a mouse, roughly corresponds with 
the time of puberty. Inasmuch as puberty is a period 
of intense endocrine activity, it is possible that radiation 
at this time can more easily disturb the inter-relation- 
ships of the endocrine glands and throw their activities 
out of balance. It is known that endocrine imbalance 
contributes to the development of other neoplasms, and 
that the lymphoid tissues are under hormonal influences, 
particularly those of the adrenal and pituitary (3), 
gonads, and thyroid (27). Andreasen (1) studied 
the development and involution of the lymphoid organs 
of the white rat in relation to age, and found that the 


thymus reached its maximum size at 2 to 3 months of 


P Research 


age, or approximately at the time of puberty. The 
alternate possibility cannot yet be excluded that the high 
incidence at or about the time of puberty is due merely 
to the presence of a greater mass of lymphoid tissue 
in the thymus at this age. 


SUMMARY 


I. Strain A mice in groups of various ages yiclded 
a maximum incidence of lymphoid tumors in animals 


irradiated at 1 month of age with a sharp decrease at 


2 months and Jater. 


2. ‘Vhymectomy of strain A mice irradiated at 2 

to 3 months of age resulted in a considerable increase 
in the latent period and a very slight decrease in the 
incidence of lymphomas as compared with the low inci- 
dence in intact irradiated control mice of the same age, 
In a parallel experiment, splenectomy was followed by 
a slight decrease in incidence without change in latent 
period, 
3. ‘Phe tumors are lymphocytic lymphomas which, 
In most instances, appear to arise in the thymus, to 
disseminate to the spleen, lungs, liver, kidneys, and 
lvmph nodes, and to cause leukemia in a considerable 
percentage of animals. 

4. Incidental 


observations on radiation-induced 


ovarian tumors and on inhibition of spontaneous mam- 
mary tumors following x-ray treatment are presented, 
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In a series of papers, Salter and his collaborators 
(3, 11, 16) reported the results of their investigation 
of the respiratory activity of tumors of various origins in 
the presence of succinate or f-phenylenediamine as sub- 
strate. [hey took the oxygen uptake of homogenate or 
slices in a Ringer-glucose medium as basic oxygen con- 
sumption and found in tumor tissues a very small 
to the these The 
response in homologous normal tissue was much higher. 


response addition of substrates. 
These authors consider that the lowered capacity to oxi- 
dize the above substrates in tumor tissue “might be a 
useful adjunct to routine morphological investigation” 
(3). Rosenthal and Drabkin (15) point out that 
different normal tissues differ widely in their capaciiy 
to oxidize succinate or f-phenylenediamine and one 
might expect a difference between neoplastic and normal 
parent tissue only in cases when tumors arise in a 
tissue with normally high  succinoxidase content. 
Detailed studies of the components of the succinoxidase 
system of tumors and normal tissues were carried out 
by Potter and his associates. DuBois and Potter (4) 
found that the cytochrome c¢ is diminished in the 
tumor but unchanged in precancerous tissues. Using 
homogenized tissues Schneider and Potter (18) found 
a fairly constant succinic dehydrogenase and cytochrome 
oxidase content in 10 kinds of experimental tumors. 
These values were lower than those of normal tissue of 
high succinic dehydrogenase and cytochrome oxidase 
content but some normal tissues such as lung or spleen 
had activities even lower than those of tumor tissues. 
Liver tumors had only about one-fourth of the succinic 
dehydrogenase activity and about one-third of the cyto- 
chrome oxidase activity of normal liver. 

Since Warburg’s (19) discovery of the high aerobic 
glycolysis of tumor slices, theories have repeatedly been 
brought forward to explain carcinogenesis in terms of 
changes of enzymatic processes. A new impetus to these 
theories came from the work of Kensler and his group 


(10) who demonstrated that substances which were 
isolated from urine of rats fed p-dimethylaminoazoben- 
zene (17) depress the activity of the diphosphopyridine 
enzyme system. Potter (13) found an inhibition of 
the succinic dehydrogenase system by similar substances, 
Potter (14) advanced a theory that cancer may be the 
result of a competition between a hypothetical enzyme 
(X) and a derivative thereof arising from it by the 
action of carcinogenic agents. | While confirming the 
inhibition of the succinoxidase activity in normal live 
tissue by aromatic diamines of the same type as the 
metabolites of p-dimethylaminoazobenzene, Elson and 
Hoch-Ligeti (6) established the fact that no depression 
by these aromatic diamines occurred in the succinoxidase 
activity of tumor tissue, or normal tissue of low metabolic 
activity. On the contrary, a prolonged increase of the 
O., uptake was observed in such tissues, due to slow 
oxidation of the diamines. It seemed possible that, as 
a consequence of treatment with #-dimethylaminoazo- 
benzene, circulating metabolites might at first depress 
the high succinoxidase activity of normal liver. On 
further with -dimethylaminoazobenzene 
they might not be dealt with further as in normal tissue 
and so by cumulative action might introduce changes 
leading to neoplasm. 


treatment 


It seemed, therefore, of interest 
to follow up the changes of the succinoxidase activity 
of livers from rats from the beginning of the treatment 
with -dimethylaminoazobenzene until the development 
of tumors, and of the tumor tissue itself. Since the 
effect of the diet on the production of liver tumors with 
p-dimethylaminoazobenzene is well established the 
effects of the different diets on the succinoxidase of 
the liver were also studied. 


EXPERIMENTAL 


Albino rats of both sexes were used weighing about 
100 gm. at the beginning of the experiment. ‘They 
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were housed in the same room, in cages containing not 


more than 10 rats of the same sex. ‘The diets were 


as shown in Table I. p-Dimethylaminoazobenzene in 
amount of 0.06 gm. was added in 2 ml. arachis oil to 
100 gm. of the diet. ‘The rats were allowed to consume 
the food and water ad libitum. ‘The food consump- 
tion was higher in males and varied with the different 
diets, even in the absence of p-dimethylaminoazoben- 
zene. It was highest, 12 to 16 gm. per day, in the 
groups of males receiving milk with diets not contain- 


experiments were carried out at 38° C. Readings were 
taken every 5 minutes. Homogenate was prepared in 
M/30 phosphate buffer according to Potter and Elveh- 
jem (12). The reaction mixture consisted of 1 ml. 
homogenate containing 40 mgm. of tissue; 0.5 ml. of 
6 per cent succinate in M/10 phosphate buffer (pH.- 
7.35), 0.2 ml. of 1 per cent cytochrome c¢ prepared 
according to Keilin and Hartree (9), 1 ml. M/10 
phosphate buffer pH.7.35 and H,O to make 3 ml. 
The thickness of the slices was 0.2 to 0.3 mm., the 





TABLE [: ARRANGEMENT OF THE EXPERIMENT AND COMPOSITION OF THE DIET 


Caloric value of the diet 
Percentage caloric value 
of the diet in 
— = 


Body weight Total calories 





~ Sex of No. of during the inl00 gm. ~- oa 
Diet animals animals experiment of food Carbohydrate Protein Fat 
Rice, — 7 27 er nis of dé maintained 
Rice, carrots + 2% arachis oil +- 0.06% p-DAB' 2 10 slightly decreased *!¢ 86.9 6.8 6.3 
sé 6 sé sé +é “é és Q 20 66 46 
Rice, 6% casein -+- 2% arachis oil + carrots 2 10 maintained 
Rice, 6% casein + 2% arachis oil + carrots -- 436 82 12 6 
0.06% p-DAB 2 30 ™ 
Rice, 10 ml. milk ot 27 arachis ot] : ro —— 
= se 9 —_ F 
——— ee eee CO : 477 78.6 87 127 
‘é éé sé “é «sé “é 6s “ec 3 10 ™ 
‘é éé éé ‘6 6c“ ‘ec sé “é Q 20 
Rice, 10 ml. milk only d 20 e . 
66 ‘6 rT; ‘6 ) 10 460 81.6 8.9 0.5 
Rice, carrots 2 10 maintained 396 90.5 7.1 24 
Rice, carrots + 2% arachis oil + 0.06% azobenzene @ 10 a 412 86.9 6.8 6.3 
17% Protein, 30% fat i) 10 = increased 
17% Protein, 30% fat + 0.06% p-DAB ? a ‘ 480 53 17 30 
és 6 sé 6“ 6é 66 3 Q) 


1 p-DAB = p-dimethylaminoazcbenzene. 


On addition of 
p-dimethylaminoazobenzene to this diet the consump- 
tion dropped to about 6 to 8 gm. per day and was 
similar to that of animals on the basic rice diet. On 
addition of -dimethylaminoazobenzene no _ further 
reduction of the food intake occurred on these diets 
without milk. Details of food intake and body weight 
are given elsewhere by Hock-Ligeti (7). The animals 
on the high-fat diet consumed about 10 gm. per day 
without, gm. per day with, addition of 
p-dimethylaminoazobenzene. Animals were sacrificed 
from the third day onwards at different intervals; the 
oldest rat was one killed on the 460th day of the 
experiment. 


ing -dimethylaminoazobenzene. area about 50 sq. mm. and the final dry weight varied 


from 2 to 8 mgm. In experiments with slices 0.2 ml. 
of 20 per cent KOH solution was placed in the central 
cup and the volume of the homogenate was replaced 
by an equal volume of M/30 buffer. The gas phase 
was air, or in experiments with: slices, oxygen. All 
experiments with homogenate were carried out with 
and without addition of an excess of cytochrome c. 
The addition of an excess of cytochrome ¢ always 
resulted in an increase of the succinoxidase activity of 
the homogenate. No effect of this addition to the slices 
was found; this result is no doubt due to the fact that 
cytochrome c does not penetrate through intact cell 
membranes. 


and 7 


Rats suffering from any disease other than 
tumors were discarded. ‘The livers were removed as Forty milligrams of wet tissue per vessel gave oxygen 
uptakes which were not influenced by additions of 
aluminium and calcium, the use of which has been 


suggested by Horecker and his co-workers (8) and 


quickly as possible, weighed, and the succinoxidase con- 
tent determined simultaneously in slices and in homoge- 


nctes. Warburg-type manometers were used. ‘The 
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Axelrod and his group (1) (Table II). 


tissue the oxygen uptake per unit weight of homogenate 


By using less 


was in many cases less than that found when 40 mgm. 
was used. On addition of aluminium and calcium the 
relation of oxygen uptake to the amount of tissue 
became generally linear, but in some cases when 10 
mgm. of tissue was used with the addition of these ions 
the oxygen uptake per unit weight was much _ higher 


TABLE II: EFFect oF THE AppDITION OF 0.2 ML. 4 K 10°M 
AIC], ANp 0.2 mL. 4&K10-°M CaClh on THE SUCCINOXI- 
DASE AcTiviITy oF 40 MGM. Rat LIveER HOMOGENATE 


ul Oxygen uptake per gram wet tissue per hour 


No. of No cytochrome c added Cytochrome c added 
Experi- Without With Without With 
ment Al1Cls-CaCle AlClg-CaCle AlCls-CaCleo AlCls-CaCle 

l 5,500 5,100 7,450 7,100 
2 10,000 10,300 11,000 11,000 
3 8,150 8,150 10,100 10,100 
4 6,400 6,350 7 800 8,000 
5 7,400 7 400 8,400 7 S00 
6 4,890 4,900 6,200 6,200 
7 7,000 7,300 scl om 
8 10,000 10,500 11,800 10,000 
Q 6,800 7,200 7 800 8,000 


than that obtained with 40 mgm. (Table III). It 


that the 


seems in some cases this addition increases 
activity, in some other cases it counteracts only the 
dilution effect. The use of 40 mgm. of wet weight 
of tissue without addition of Ca and Al furnishes a 
reliable basis of comparison as long as the dry weight 
of the tissue is nearly the same. This is the case with 
normal livers, and also livers of animals fed p-dimethyl- 
aminoazobenzene, with or without development of liver 
tumors. They mean dry weight of livers from over 
200 rats was 29.4 (range 26 to 36) per cent of wet 


weight. But with tumor tissue the dry weight varied 





ee 


TABLE [II : Errect oF THE ADDITION OF 0.2 ML. 4 X 10-°*M 
AICI], AND 0.2 ML. 4X 10°*° M CaClk on THE SUCCINoxI- 
DASE ACTIVITY OF VARYING AMOUNTS OF Rat Liver 
HoMOGENATE 
al. Oxygen per gram wet tissue per hour 
(Excess of cytochrome c added) 


Amount of 


No. of tissue employed, Without With 
Exper. mgm, AlCls-CaCle AIC]s-CaCle 
l 40) 10,000 9 800 

20 3,700 9,600 
10 0 10,300 
2 40) 11,800 12,000 
20 11,100 14,200 
3 4) 7 OW) 8,400 
20 7,800 11,200 
4 40 7,100 7100 
20 4,750 9,200 
10 2,000 9,800 
5 40) 11,000 10,000 
20 9,400 12,000 
1Q 5,100 20,000 
6 40 5,800 5,800 
20) 1,650 5,000 
/ 4) 10,350 10,350 
20 7,100 11,200 
from 14 to 24 per cent of the wet weight. Thus 


using 40 mgm. of wet weight the amount of tumor 
tissue in each vessel was only about one half of that of 
the normal liver tissue when compared on the dry 
weight basis, and the addition of Ca and Al might 
seem necessary. In order to avoid a possible activa- 
tion by these ions, which would make a comparison 
with normal liver dificult, the 


double those of 


tissue tumor _ tissue 


was used in normal tissue 
(80 mgm.). Experiments on 40 mgm. of tumor tissue 
with addition of Ca and Al gave very similar values 


to those given by 80 mgm. of tissue alone. 


amounts 


TABLE IV: RELATION oF INITIAL TO FINAL Dry WEIGHT oF LIVERS FROM RATsS FED on A BAsSiIc RICE DIET WITH OR 
WITHOUT ADDITION OF p-DIMETHYLAMINOAZOBENZENE 





Initial dry weight (a) Final dry weight (b) % Decrease on shaking 

as percentage of wet as percentage of wet ( a—b ) 

weight weight Mean . - x 100 

Control diet 26.7 16.3, 16.7, 15.4, 15.4, 12.6 15.3 42.7 
30.2 16.5, 15.7, 16.5, 14.8, 16.0 15.8 47.7 

29.7 13.9, 12.7, 13.4, 12.9, 16.0 13.7 53.9 

Mean 48.1 

Control diet + p-DAB A 31.3 15.1, 15.7, 15.3, 15.1 15.3 51.1 
27.4 15.3, 15.3, 15.2, 14.8 15.1 44.9 

29.4 17.4, 17.9, 17.2, 14.7, 14.5 16.2 44.9 

28.6 12.2, 12.4, 11.4, 12.5, 14.8 12.5 56.3 

Mean 49.3 

Control diet + p-DAB B 29.0 14.1, 14.7, 14.7, 14.1, 12.8 14.1 51.4 
28.4 15.3, 135.3, 35.5, 15.5, 13.7 15.4 45.8 

26.8 13.2, 12.7, 14.8, 14.8, 15.5 14.2 47.0 

Mean 48.1 


MEAN 48.6 


A = livers of animals without tumors. 
B = normal parts of livers of animals with liver tumor. 
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Oxidative activity of liver homogenates and slices. 

Upper 4 curves in each figure represent oxygen uptake 
of livers from control rats; lower 4 curves, frora rats 
on same diet with addition of 0.06 per cent azo com- 
pound. Values marked on any one ordinate were obtained 
from same liver. Oxidative activity is calculated as yl. 
oxygen per mgm. of initial dry weight per hour for homo- 
— and per mgm. of final dry weight per hour for 
slices. 

A and A, O-—-—O= Sutccinoxidase activity of homoge- 
nates without added cytochrome c. B and Bi ®---® = 
Succinoxidase activity of homogenates with excess cyto- 
chrome c added. C and G ® ® — Succinoxidase 
activity of slices. D and D, O——-O= Oxygen uptake 





All results of oxygen uptake are calculated on a mgm. 
dry weight basis. 
uptakes per unit weight of liver tissue in homogenates 
and in slices it was necessary to establish for the present 
experiment the relation of the dry weight of the slices 
after having been subjected to the shaking in the 
Warburg vessel for 114 to 2 hours at a rate of 110 to 
120 per minute (final dry weight) to the dry weight 
The 


In order to compare the oxygen 


of the original liver tissue (initial dry weight). 








all 
500 DAYS 


of slices without addition of succinate. A, B, C, and D 
represent values from control rats. Axi, B:, G, and D; 
represent values from rats receiving p-dimethylamino- 
azobenzene. T=— Tumor in liver. Estimations of oxida- 
tive capacity were carried out on tumor-free parts of liver. 

Fic. 1—Oxidative activity of liver homogenates and 
slices from rats on rice and carrots with and without 
addition of p-dimethylaminoazobenzene. 

Fic. 2.—Oxidative activity of liver homogenates and 
slices from rats on rice, 6 per cent casei, and carrots 
with and without addition of p-dimethylaminoazobenzene. 

Fic. 3.—-Oxidative activity of liver homogenates and 
slices from rats on rice and milk with and without addi- 
tion of p-dimethylaminoazobenzene (first series). 


latter was determined on tissue which had been cut 
into small pieces before being dried (5). It was found 
that the tissue loses 42.7 to 56.3 per cent (mean 48.6 per 
cent) of its original weight during the shaking in the 
Warburg apparatus (Table IV). In the literature the 
factor of 50 per cent is generally used for calculating 
the final dry weight from the initial. Since this loss is 
variable the calculation of the oxygen uptake on the 
basis of the final dry weight of the slices, as is generally 
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done, involves some uncertainty, ‘The use of the final 
dry weight for calculating the oxygen uptake is based on 
the assumption that this is the weight of the tissue 
active in the respiration (5). ‘This holds as long as 


But 


succinoxidase is active also in disintegrated tissue and 


processes bound to intact cells are measured. 
the initial wet weight of the slices would be a better 
basis for calculation, On the other hand, the NECESS1A 
tor weighing the tissue slices before the experiment 
would prolong the time-interval between the killing of 
the the 


nutrient solution and atfect the viability. of the cells, 


animal and the immersion of slices in- the 


In the tables the oxygen uptake of the homogenates. is 
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calculated on the basis of initial, that of slices on the 
basis of final, dry weight. 

In comparing the succinoxidase activity of homoge- 
that taken into 


account that the homogenates generally do not show 


nates with of slices it also has to be 
any oxygen uptake without addition of substrate; while 


Whether the 


succinoxidase activity found in the. slices should be 


the slices have a definite oxygen uptake. 


corrected for autorespiration has been questioned. 


Rosenthal and Drabkin (15) maintain that the oxida- 
tion of a substrate added in excess might completely 
suppress the autorespiration and so the two values are 


not superimposed, 


Tasre Vi: Oxiparive Activity oF Liver HOMOGENATES FROM RATS ON ContRot Diets AND ON Diets withu Appritiox 
OF P-DIMETHYLAMINOAZOBEN ZENE 
al Og uptake with excess of Na succinate per mem, 


initial dry werht per hour 





No evtochrome ¢ added 


emanate 
Cytochrome ¢ added 
- SE X \ 








Standard Sreuduel 
Supplement to rice dict No. estimations Sex Range Mean error Range Mean error 
Carrots 7 y 15-23 19.6 1.1 29-4] 31.9 1.6 
. 7 R 13-28 18.9 1.9 10-29 260.2 2.0 
;A 8 12-24 17.7 1.3 19-23 25.0 2.0 
ee . > 
Carrots + DAB IB 8 : 13-21 164 11 21-36 27.6 9 
6° Casein carrots 2) Y 19-33 ya ©. 1.0 28-54 35.5 3.6 
| \ LZ 14-32 21.1 1.3 17-39 29.0) 2.1 
6%e Casein + ™DAB . B 11 S 14-30 20.8 1.4 23-42 33.0 1.9 
| C l 3.7 6.2 
Carrots? 10 2 21-33 24.5 1.3 27-47 35.1 2.4 
Carrots, azobenzene 9 2 lo-23 18.7 0.9 18-32 25.0 2.0 
\iek+ f *9 9 20-30 28.0 1.0 30-45 36.2 1.0 
oe 1 8 26-36 28.9 1.1 31-45 37.0 0.7 
i 1 *15 , 11-27 18.6 1.1 19-38 24.8 1.4 
? 6 . 10-27 21.8 1.7 24-38 29.9 20) 
4 { *17 9 15-31 1.9 1.3 20-41 29.0) 1.6 
) ll 19-31 24.5 1.3 23-41 31.0 1.9 
- { *24 . 11-32 20.3 1.2 10-47 29.1 1.6 
? 11 © 13-32 22.0 1.7 20-37 30.4 2.5 
(A \ *18 9 11-33 . 19.7 1.3 12-37 28.8 1.0 
Milk + »DAB Series 1 : t 13 19-33 21.8 1.2 21-37 28.0 1.6 
LB ; 17-18 17.7 7 25-27 26.2 
4 | *25 Q 4-32 15.7 1.2 9-40) 24.4 1.7 
: 6 ° 9-32 19.3 3.7 9-36 23.1 4.3 
(A 12 19-32 24.9 1.2 25-44 34.2 1.7 
Milk + »-DAB Series 2 1B l 2 23.5 34.2 
LC l - 2.4 Re 6.2 
A 6 4 18-27 23.5 1.3 28-46 36.3 0 
30° Fat, 17% protein, : 2 _ a 
carrots? fe) 2 8-25 17.1 2.0 19-33 27.3 1.7 
: + 27 S 
2c’. > ° A l “2 18.6 ee igi of .¢ ee 
ore eae, Se ee, 1B 5 ° 12-20 147 1.4 25-42 323 29 42 
carrots ~ DAB? | 0.5-4 2.6 0.6 0.8-28 13.0 5.5 
- . (A 2 11-21 15.8 - 16-35 25.4 
3 Cc oat -— - 7 
appended tte > 1B 3 3 5-17 129 . 2. 
carrots + #DABT Ke 2 3.5 38 9 6.1 
With the animals receiving -dimethylamincazobenzene, A= Liver of animals without tumors; B = Normal parts of livers cf 


animals with liver tumor: C — Tumor of the liver. 
* Including experiments carried out on homogenate only. 
+ With exception of groups so marked, all diets ccmtain 2% 


Lewer values are comparable with the va'ues given in Table VI. 
arachis o1l. 
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RESULTS 
(2) Homogenates.—F igs. 1 to 6 show the succinoxi- 
dase activities of all rat livers estimated in slices and in 
Con- 


sidering the values for oxygen uptake of homogenates of 


homogenates. “able V summarizes the findings. 
rats on different control rice diets without addition of 
p-dimethylaminoazobenzene there is a_ slight increase 
in the oxygen uptake with increasing protein content 
and without addition of an 


of the diet, both with 


excess Of cytochrome c. ‘This seems to point to an 
increasing succinic dehydrogenase content of livers with 
increasing protein in the diet. But in all the animals 
on control diets without addition of arachis oil the suc- 
cinoxidase and cytochrome ¢ content of the homogenates 
is higher than that with diets containing arachis oil. 
In the semisynthetic diet with much higher protein 
content, but also much higher fat content, the succinoxi- 
dase activity is the lowest. It seems that, keeping the 
fat values constant, the succinoxidase activity varied with 
the protein in the diet, but that a high fat content in 
the dict diminished the succinoxidase activities even of 
livers from rats receiving fairly high (17 per cent) pro- 
tein. “he tumors grew much more quickly on the fat- 


rich diet; the time before their appearance however 
was not shortened. 

Kighty to 100 per cent of the rats which had received 
p-dimethylaminoazobenzene with the rice, rice and 
casein, or the fat-rich diet, developed tumors in the 
liver after 90 days. ‘The tumors which developed in 
animals on rice diet were generally too small for sepa- 
rate estimation of the succinoxidase content. During 
the whole course of the experiment the succinoxidase 
activities of the liver homogenates of these rats were 
slightly lower than those of animals on the same dict 
without addition of the dye. The difference however 
was in no case statistically significant. Similarly the 
decrease of the succinoxidase activity in the healthy parts 
of the livers from animals developing tumors was not 
significant. But the tumor tissue itself showed always a 
very low oxygen uptake without addition of cytochrome 
c. On the addition of cytochrome ¢ the succinoxidase 
activity increased and in two cases reached a value 
as high as found in normal liver tissues. 

A curious behavior was observed in the first series of 
animals (50 rats receiving p-dimethylaminoazobenzene 
in the rice diet with addition of milk. 


uptake in the presence of an excess of succinate without 


The oxygen 


addition of cytochrome ¢ dropped to a very low level 
3 days after the beginning of the experiment (Fig. 3) 
and remained low until the 150th day. At that date 
the oxygen uptake rose to normal values and remained 
normal until 460 days. 
the homogenate with excess of cytochrome ¢ was about 


The succinoxidase activity of 


the same during the whole course of the experiment. 
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Thus the percentage increase of the oxygen uptake on 
addition of cytochrome ¢ was much higher in the first 
150 days. ‘hese rats did not develop hepatic lesions 
until the 430th day. The 2 rats killed on the 430th 
and 460th days respectively showed incipient cystic 
of 30 this 
initial fall in the succinoxidase activity was not observed. 


cholangiomas. In a second series rats 
Four of these animals developed tumors of the liver 
(but only in one case was the succinoxidase activits 
estimated), 

No other differences could be observed between the 
0. uptake with the added Na succinate of homogenates 
of livers from rats on control diets and on the same 
diets containing p-dimethylaminoazobenzene, irrespec- 
tive of whether the animal developed tumors or not. 
Changes observed in the succinoxidase activity of liver 
homogenates from rats receiving 0.06 per cent azoben- 
zene with a rice carrot diet were not significant. 

(4) Slices —The 


slices from animals on rice, or rice and casein diets 


succinoxidase activities of liver 
dropped on addition of -dimethylaminoazobenzene. 
A further drop was found in normal parts of the livers 
from animals bearing tumors, and in tumors very low 
figures were obtained. In the first series of animals on 
the rice and milk diet, where the rats were protected 
considerably from tumors of the liver, the succinoxidase 
was not estimated in slices during the first 150 days 
of the experiment. After the 150 days, when the suc- 
cinoxidase activity of the homogenates suddenly rose, 
the succinoxidase activities of the slices were within the 
normal range. The two rats which developed tumors 
In the 
rice and milk diet with 
p-dimethylaminoazobenzene the succinoxidase activity 


had low succinoxidase activity in the slices. 


second series of rats on 
of the slices was depressed. 

The great discrepancy between homogenate and slices 
in the response of the succinoxidase activity to the 
feeding of p-dimethylaminoazobenzene could suggest 
that the basis of comparison might be inadequate in 
these cases. Since the values for the slices are calcu- 
lated from the final dry weight one might assume that 
during the shaking in the Warburg vessel the liver 
tissues from animals receiving p-dimethylaminoazo- 
benzene lose less weight and consequently the values 
for the oxygen consumption divided by abnormally high 
values for the dry weight will give very low figures for 
succinoxidase activity. The histological evidence of 
cirrhosis in these livers would give support to this 
assumption. ‘To test this, initial wet weights and final 
dry weights of livers from control rats and rats receiv- 
ing -dimethylaminoazobenzene were measured. No 
differences in the different livers were found (Table 


IV). 


The values of the oxygen uptake of the slices from 








15+ 


livers of rats on the control diets divided by the ratios 
of mitial to final dry weight give exactly the values 
obtained with homogenates without the addition of 
cvtochrome c. ‘This seems to suggest that the effective 
succinoxidase activity of the intact tissue is equal to the 
succinoxidase activity of homogenates to which no cyto- 
chrome ¢ is added; which would also imply that, in 
rats under the described dietary conditions, not all the 
succindehydrogenase is active iv vivo. In slices of livers 


from rats receiving p-dimethylaminoazobenzene — the 
oxygen uptake is lower than that calculated from the 
oxygen uptake of homogenate and the ratio of initial 


to final drv weight. 
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DISCUSSION 


The absolute values for the suecinoxidase activity for 
the various organs even in the same species of animal 
for rat liver 
slices Roskelley and his co-workers (16) give Q sue 
from 18.5 to 23.1 and Rosenthal and Drabkin (15) Q 
46.7 - 
Klhott and Greig (S$) give the values 664 Oo and 
Schneider and Potter (18) 87.7 (from 76.8 to 101, 
0.) for 1 The 
relative order of the succinoxidase content of different 


given in the literature vary widely; e.g. 


suc 1.51 as a mean. For liver homogenates 


mgm. of dry tissue for 1 hour, 


tissues is generally found the same. ‘The experiments 


presented here and other experiments on the influence 
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Fic. 4.—Oxidative activity of liver homogenates and 
slices from rats on mice and milk with addition of p-di- 
methylaminoazobenzene (second series). 

Fic. 5.—Oxidative activity of liver homogenates from 
rats on diet containing 17 per cent protein and 3) per cent 
fat with and without addition of p-dimethylamimoazoben- 


zene. T [)---[ = Succinoxidase activity of tumor tis- 
sue homogenates without addition of cytochrome c. T- 
@ ——-— @ — Succinoxidase activity of tumor tissue ho- 


mogenates with excess cytochrome c added. The values 
(A, and B:) above T and T-. are obtained in tumor-free 
parts of livers. 


350 400 450 500 DAYS 


Fic. 6.—Oxidative activity of Hver homogenates and 
slices from rats on rice and carrots without arachis oil, 
and same diet with addition of 0.06 per cent azobenzene 
in 2 per cent arachis oil. A and Az O-—--—O=Succin- 
oxidase activity of homogenates without added cyto- 


chrome c. B and Be ® —--—-— ® = Succinoxidase activity 
of homogenates with excess cytochrome c added. C and C: 
@ —_ @ — Surccinoxidase activity of slices. D and D: 


O——_O = Oxygen uptake of slices without addition of 
succinate. A, B, C, and D represent values from control 
rats. As, B», C2, and Dz represent values from rats receiv- 
ing azobenzene. 
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Tapieé VI: Oxipative Activity or Liver SLICES FROM RATS ON CONTROL DIETS AND ON Diets witH ADDITION OF 
p-DIMETHILYLAMINOAZOBEN ZENE 





Ml. Oy uptake with excess of Na succinate per mgm. final dry 
weight per hour 
Corrected for autogenous 
Found O02 uptake 
Supplement : en - nee A amen, 
to rice diet No. estimations Sex Range Mean > Range Mean > 
Carrots 7 ? 34-74 ) 5.5 26-60 42.4 4. 
. 7 d 29-62 47.8 4.5 23-47 37.7 3.4 
(A 8 ; 21-49 34.3 2.9 14-42 26.5 2.9 
Carrots + p-DAB lB 8 15-33 23.8 2.2 10-26 16.9 2.0 
6% Casein -+- carrots 9 ? 39-55 47.8 2.1 3)-49 4).2 2.6 
RS TG A 12 23-45 32.4 2.3 17-36 25.5 2.0 
67o Casein -+- carrots B 1] 9 21-36 30.1 1.5 17-29 22.7 1.2 
| p-DAB LC 1 13.5 iv oie 5.9 
Carrots* 10 ? 37-52 44.3 2.0 28-46 36.6 1.8 
Carrots, azobenzene 9 9 30-64 43.3 4.1 24-52 35.0 3.6 
Milk* 8 2 53-78 63.4 1.1 35-69 54.0 1.3 
“8 6 J 43-85 67.8 5.2 32-73 58.2 5.1 
Milk 1] ? 33-70 50.3 4.2 27-62 41.5 4.0 
“ 1] | 29-77 51.1 4.0 23-63 39.9 3.6 
; — fA 13 35-73 51.6 3.4 25-58 41.4 3.3 
Milk + p-DAB Series | 1B 2 ? 28-24 26.0 ' 22-17 19.3 < 
' . A 6 rf) 36-63 47.7 3.7 26-53 37.5 3.9 
| A 12 27-45 35.4 2.0 22-40 29.3 1.8 
Milk + p-DAB Series 2 B 1 9 _ 33.5 pen 26.9 
Lc 1 “e 12.4 ' RAS ey i, 
" ” A 7 27-54 36.9 4.3 23-45 29.6 3.6 
With the animals receiving p-dimethylaminoazobenzene, A = livers of animals without tumors; B = normal parts of livers of 


animals with liver tumor; C = tumor of the liver. a 
‘With the exception of the groups so marked, all diets contain 2% arachis oil. 





of different diets carried out in this Institute (Elson, 
L. A., in press) show that the succinoxidase content of 
liver can be very much depressed by dietary means. 
Workers in America report generally higher succinoxidase 
values for rats than do workers in England. Perhaps the 
standard diet of the American rats is better. In ex- 
periments with diets containing high percentages of. fat 
low succinoxidase values in the liver of rats were found; 
values which were well within the range for hepatic 
tumors from rats. The figures for succinoxidase for 
homogenates of hepatomas produced by p-dimethylami- 
noazobenzene is given by Schneider and Potter (18) as 
Q suc 25.0 02. This figure is about a third of their 
values for normal livers but differs only by about 20 
per cent from the values for normal livers as found 
here. On the other hand, not every hepatic tumor 
produced by p-dimethylaminoazobenzene has a low suc- 
cinoxidase activity when measured as homogenate with 
an excess of cytochrome ¢; two tumor homogenate 
showed high values. The low oxygen uptake without 
added cytochrome c might indicate a low cytochrome c 
content of this tissue. 

The phenomenon, that the succinoxidase activity of 
liver from rats receiving p-dimethylaminoazobenzene 1s 


lower than in the control when estimated in slices but 


about the same when estimated in homogenates opens 
several theoretical possibilities: 

(a) It would seem that characteristic differences 
between the enzymatic behavior of livers from rats on a 
control diet and livers from rats developing tumors on 
the same diet with #-dimethylaminoazobenzene are 
connected with the intact cells. The slight differences 
in activity found with homogenates may be due to 
some intact cells still present. Enzymic activity is in 
many cases connected with intact cel] structures. Yud- 
kin (20) showed that the activity of glucose dehydro- 
genase of Bact. coli and lactic dehydrogenase of the 
Micrococcus lysodetkticus 1s linked with the structure 
of the cells. In the experiments presented here, how- 
ever, the activity in the intact cells is lower than in 
the disintegrated cells. Since the ratio of initial to final 
dry weight in the livers which developed tumors is 
not different from that obtained with normal tissue, and 
since it is not likely that the permeability of the cell 
membranes to Na succinate is changed, a_ possible 
explanation of this phenomenon could be a changed 
mutual accessibility of the parts of the sucinic oxidase 
system in the intact cell. A varying accessibility of 
enzyme to its substrate was first suggested by Claude Ber- 
nard (2) to explain the simultaneous presence of both 
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glycogen and diastatic enzyme in the liver of the hiber- 
nating frog, without formation of larger amounts of 
glucose. 

(b) ‘The low activity of liver from) animals fed 
p-dimethvlaminoazobenzene may also be the result of 
one part of the enzymatic system being blocked by the 
carcinogenic substance or by a metabolite. Substances 
connected with the metabolism of p-dimethylaminoazo- 
benzene are known to inhibit the succinoxidase activity 
liver. If 


liver cells they might suppress the succinoxidase activity 


of the such substances are present in. the 


of the slices. On disintegration of the cells and dilu- 
tion of the cell content the concentration of the inhibi- 
tory substance might become too low to be effective. 
It might be significant that in the groups of animals 
in which, by addition of fresh milk to the diet the 
formation of hepatic tumors was largely prevented, no 
depression of the succinoxidase activity in liver slices 
had 


was found with the exception of 2 animals that 


incipient cholangiomas. 


SUMMARY 


1. The succinoxidase activity of rat liver slices and 
homogenates was studied during the course of develop- 
ment of hepatic tumors due to feeding of f-dimethyl- 
aminoazobenzene. The diets of the animals consisted 
of rice and carrot, rice, casein and carrot, rice and milk, 
or a semisvnthetic diet containing a high percentage 
of fat. 

2. The succinoxidase activity of the homogenates of 

livers from the rats not receiving p-dimethylaminoazo- 
benzene varied slightly with the diet; it was lowest 
with the high-fat diet and highest with the rice diet 
containing 6 per cent casein, where the percentage of 
fat was lowest. 
3. After the addition of Na succinate-the 0. up- 
take of homogenates of liver, with and without excess 
of cvtochrome c¢, from rats receiving p-dimethylaminoa- 
zobenzene was only slightly lower than the control ir- 
respective of whether the individual animal had devel- 
oped a hepatic tumor or not. The tumors themselves 
showed generally a low succinonidase activity. 

4. Slices of liver from animals subsequently develop- 
ing tumors on f-dimethylaminoazobenzene had lower 


succinoxidase activity than the controls. The succinox- 


C. 


ase activity was further depressed on the development 
of tumors and was very low in tumor tissue. 

5. In one series of rats where the addition of milk 
largely prevented the development of hepatic tumors the 
succinoxidase activity of liver slices did not differ from 
that in rats on the control diet. 

6. The addition of azobenzene to a rice-carrot diet 


had no effect 
homogenates or slices of livers. 


on the succinoxidase activity of the 


° R CSCATC A; 


7. he discrepancy between the values for succinoxi- 
dase found when using homogenates, or slices of the 
same liver from animals fed p-dimethylaminoazobenzene 
might be explained by a ditferent accessibility of the 
parts of the enzymic system or by assuming an intra- 
cellular inhibition in these livers, 
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Miller and Baumann (3) and Griese, Miller and 
Baumann (1) studied the carcinogenicity of various 
methyl derivatives of dimethylaminoazobenzene and 
found that the mm -methyl-p-dimethylaminoazobenzene 
was the most potent of the azo dves for the production 
of liver tumors in rats, being even more active than 
p-dimethylaminoazobenzene itself. As we were inter- 
ested in studying conditions of rapid carcinogenesis, 
m -methyl-p-dimethvlaminoazobenzene was selected as 
the carcinogenic agent. 

In most of the early studies on the production of 
liver tumors, the investigators fed the dye continuously 
Kinosita (2) 


mentioned in one of his reports that if animals were 


to the rats until the tumors appeared, 


fed p-dimethylaminoazobenzene in the rice-carrot diet 
for only 50 days, and then returned to a normal diet 
without the dye, some of the rats would develop tumors 
in 150 days. Sugiura and Rhoads (9) fed p-dimethyl- 
aminoazobenzene to rats for 30, 45, 60, and 85 days 
in the rice-carrot diet, and then withdrew the dye 
from the diet, continuing the animals on the rice-carrot 
diet alone. Only those animals which received the dye 
for 60 and 85 Reimann, 
Stimson, and Medes (8) fed rats p-dimethylaminoazo- 
benzene in a diet with fresh 


days and then returned them to the 


davs later developed tumors. 

rice supplemented 
vegetables for 75 
One 
found that 5 out of 15 animals had developed tumors. 
Giese, Miller and Baumann (1) fed the 2 -methyl- 
f-dimethylaminoazobenzene at a level of 0.056 per cent 


stock diet. hundred and thirty days later they 


In a semi-synthetic diet for 2% months and then con- 
tinued the animals on the semi-synthetic diet alone. 
Two months later there was a 100 per cent incidence 
of liver tumors. 

In the studies reported here, the animals were fed 
the azo dye for different lengths of time in an effort 
to determine the minimum possible exposure to the 
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carcinogenic agent necessary for subsequent tumor 


formation. In addition, some information was obtained 
on the role of diet in the development of tumors fol- 
lowing the initial period of dye feeding. In the early 
studies on the production of liver tumors with the azo 
dyes both the Japanese workers and the investigators in 
this country fed the dye to rats in a diet consisting of 
rice and carrots. ‘The use of this diet, however, car- 
ried with it a relatively high mortality, as a rule. Miller, 
Miner, Rusch, and Baumann (4) and Miner, Miller, 
Baumann, and Rusch (5) in careful studies on the rela- 
tion of diet to hepatic tumor formation found that a 
semi-synthetic diet low in protein and riboflavin but 
more than adequate in respect to other members of 
the vitamin B complex resulted in a very high incr 
dence of tumors when the azo dye was incorporated in 
it, and at the same time, provided a diet adequate for 
maintenance of the animals. ‘They found that increas- 
ing the riboflavin content of such a diet could prevent 
With the use of 


crude diets, increase in the protein content of the diet 


tumor formation completely. more 
reduced considerably the incidence of tumor formation. 
In the experiments reported below, the rats were fed 
the 2'-methyl-p-dimethylaminoazobenzene in the semi- 
svnthetic diet as described by Miller, Miner, Rusch, 
and Baumann (4), but following the initial period of 
dve-feeding some of the animals were placed on the 
regular stock diet and the subsequent course of tumor 
development was followed. 


METHODS 


A total of 91 adult male rats of the Sprague-Dawley 
strain weighing between 230 to 320 gm. at the start 
of the experiment were used. All of the rats were 
placed at first on the semi-synthetic diet of Miller, 
Miner, Rusch and Baumann (4), consisting of crude 
casein, 120 gm.; salts, 40 gm.; corn oil, 50 gm.; rice 
bran concentrate, 20 gm.; glucose, 770 gm.; and ribo- 
flavin, 0.5 mgm. per kgm. of diet. In addition each 
rat was given 1 drop of halibut liver oil monthly. Into 
this diet was incorporated 0.05 per cent of m'-methyl- 
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p-dimethylaminoazobenzene by dissolving it by means 


of heat in the corn oil, The dye was synthesized 
according to the method described by Giese, Miller and 
Baumann (1). 
for approximately 1 month, they began to show signs 
The 


was increased to 30 gm. and the riboflavin to 0.75 


After the animals were on this diet 


of riboflavin deficiency. rice bran concentrate 
mgm./kgm. of diet, after which all signs of riboflavin 
deficiency disappeared, 

At various intervals after beginning the dye feeding, 
the exact times of which are stated below, a group of 
Half 


of such a group was then placed on fox chow (Purina 
grout } 


animals were removed from this dietary regime. 


and the other half was maintained on the semi-syn- 
The 


animals were then observed until tumors developed, or 


thetic diet described above, but without the dye. 


for approximately 190 days, at which time all remaining 
animals were killed. ‘The abdomen was palpated for 
the presence of a tumor and the first appearance of 
such was noted. Usually animals were not killed until 
the tumors had grown to considerable size, but in sev- 
eral cases rats died as the result of the tumor growth. 
At various intervals in the experiment representative rats 
were killed for examination of the liver both grossly and 
microscopically. 

All the rats were allowed food and water ad libitum. 
Food intake was not measured but body weight was 
recorded weekly to determine the progress of the 
animals, 

RESULTS 

Kleven rats received 2 -methyl-p-dimethylaminoazo- 

Fol- 


lowing this 5 of the rats were continued on the semi- 


benzene in the semi-synthetic diet for 39 days. 


synthetic diet without the dye and 6 were given fox 
chow. ‘These rats were followed for an additional 146 
days, at which time they were sacrificed and their livers 
examined for the presence of tumors. In none of these 
animals was there any evidence of tumor formation, 
either grossly or microscopically. 

Fourteen rats received the m-methyl dye in the 
semi-synthetic diet for 46 days. Then 7 rats were 
given fox chow and 7 were continued on the semi- 
synthetic diet without the dye. ‘These rats were fol- 
lowed for an additional 151 days, at which time they 
were sacrificed. In this group likewise there was no 
evidence of any tumor formation. 

Thirty rats received the m'-methyl dye for 69 days. 
Following this the rats were divided into two groups; 
15 rats were continued on the semi-synthetic diet 
without the dye, and 15 rats were fed fox chow for 
the duration of the experiment. The first palpable 
tumor appeared in a rat receiving the semi-synthetic 
diet on the 24th day following discontinuance of the 


dye feeding. This was slow-growing and did not 
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become of any considerable size until 90 days after 
discontinuance of the dye. In the growfp receiving fox 
chow, the first tumors appeared on the 42nd and 55th 
On the 81st 
day following discontinuance of dye feeding, of the 15 
rats in the fox chow group, 10 already showed evidence 
of tumor formation, either by the definite presence of 


days after discontinuance of dye feeding. 


a palpable mass in the abdomen or demonstrated by 
autopsy. In the group receiving the semi-synthetic diet 
alone, 6 of 15 showed evidence of tumor formation by 
the 81st day. On the 115th day after discontinuance 
of the dye feeding, all remaining animals that had not 
died or been sacrificed in the meantime were killed and 
examined for tumor formation. Final count in the two 
groups showed the following tumor incidence: 14 of 15 
animals on fox chow had tumors, an incidence of 93 
per cent, whereas 12 of 15 animals on the semi-syn- 
thetic dict alone had tumors, an incidence of 80 per 
cent. ‘Ihe data on the relation of the duration of dye 
feeding to the incidence of tumor formation are sum- . 


marized in Table I. 


TABLE [: RELATION OF THE DURATION OF DYE FEEDING, 

AND OF THE SUBSEQUENT DIET TO THE PRODUCTION OF 

LiveER Tumors IN Rats FEp m’-MeEtTHYL-p-DIMETHYL- 
AMINOAZOBENZENE 


No. No. of rats No. of rats 
of days No. No. with tumors with 
onexper. of days of days 81 days tumors, 
No. of diet plus on exper. on fox after dye final 
rats azodye_ diet alone chow alone stopped incidence 
6 39 146 0 0) 
5 39 146 0) 0 
7 46 151 0 0) 
7 46 151 Q) 0) 
15 69 81-115 10 14 
15 69 81-115 6 12 


In the course of the autopsy of these rats the lungs 
were examined grossly for any suspicious nodules, and 
if such were present, microscopic examination of the 
nodules were carried out. Since some of the animals 
died as a result of their tumors, only those animals on 
which adequate autopsy was performed are reported 
here. Of the 7 rats receiving the semi-synthetic diet 
alone, the lungs of which were examined carefully fol- 
lowing death, none showed any gross evidence of the 
presence of tumor nodules of any kind. Of the 9 rats 
on the fox chow diet, which were similarly autopsied, 
5 showed definite gross and microscopic evidence of the 
presence of tumor metastases varying in size from 1 mm. 
to as large as 8 mm. ‘These were in all cases identified 
as coming from the liver tumors. Although no micro- 
scopic examination was made of the lungs of animals 
showing no nodules grossly, still it is possible to con- 
clude from the data presented here that at least the 
extent of tumor metastases was significantly greater in 
rats whose diet following the period of dye ingestion 
was fox chow. 
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The 30 rats that ingested the azo dye for 69 days 
showed the following weight changes. During the 
course of the dye feeding, the average gain per rat for 
the entire group over the 69 day period was 7 gms. 
For the 15 rats on fox chow, the average gain per rat 
after 81 days was 104 gm. The rats placed on the 
semi-synthetic diet alone for the corresponding period 
showed an average increase of 45 gms. per rat. Incor- 
poration of the azo dye into the semi-synthetic diet 
prevented almost completely any weight increase which 
the animals would have had on the semi-synthetic diet 
alone. Although food intake was not measured, the 
much greater increase in weight of the animals that 
were continued on fox chow indicates a food consump- 
tion greater than that in animals maintained on the 
semi-synthetic diet alone. 

Microscopic examination of the tumors appearing in 
the liver in the course of these experiments showed 
that in general the types of tumors produced and their 
development following feeding with m'-methyl-p- 
dimethylaminoazobenzene were very similar to those 
produced in rats by #-dimethylaminoazobenzene, as 
described by Orr (7) and Opie (6). Like these 
authors we found that the tumors could be classified as 
bile duct carcinoma (cholangioma), bile duct cysta- 
denoma and liver cell carcinoma, and that in many 
instances more than one type of tumor appeared in the 
same animal, 


DISCUSSION 


These studies have shown that in the production of 
tumors in rat livers by feeding 2'-methyl-p-dimethyl- 
aminoazobenzene in a semi-synthetic diet low in pro- 
tein and riboflavin, the duration of feeding the dye 
will determine the rate of tumor formation. Although 
it is not necessary to administer the carcinogenic agent 
continually, nevertheless the animals must be exposed 
to its effects for a minimum length of time in order 
that tumors may develop. In animals that ingested the 
dye for only 39 and 45 days tumors never developed, 
whereas animals exposed to the dye for 69 days later 
developed a high incidence of tumors. It would seem 
that during this period the neoplastic focus has developed 
which can now proceed independently of the exciting 
agent to the formation of tumor. 

In liver carcinogenesis with the azo dyes, the simul- 
taneous feeding of an inadequate diet, particularly in 
respect to protein and riboflavin, has been found neces- 
sary for the production of a high incidence of tumors. 
These experiments show, however, that once the neo- 
plastic focus has arisen, the maintenance of this low- 
protein, low-riboflavin diet is not essential for the fur- 
ther growth and development of the tumors. The 
animals receiving the azo dye in the semi-synthetic diet 
for 69 days and then receiving the fox chow diet 


—————— 


showed a high incidence of tumor formation. In com- 
paring these animals with those maintained on the semi- 
synthetic diet alone, the final incidence of tumor forma- 
tion on the fox chow diet is slightly greater (14 of 15 
compared with 12 of 15) but not significantly so 
because of the relatively small number of anima.3 used 
in the series. However, the animals receiving the fox 
chow diet after their initial exposure to the azo dye 
showed an earlier onset of tumor formation as indi- 
cated by the greater tumor incidence at 81 days as 
compared with the animals on the semi-synthetic diet, 
Furthermore the tumors of the group fed fox chow 
showed a significantly greater development of lung 
metastases. 

Tannenbaum (10) has clearly shown for many dif- 
ferent types of mouse tumors, both spontaneous and 
induced, that restriction of caloric intake decreases the 
The 
greater weight gain of the animals fed fox chow indi- 
cates a higher food consumption for these animals, 


incidence and delays the formation of tumors, 


Their increased caloric intake undoubtedly accounts in 
great part for the earlier development of hepatic tumors 
and their more widespread metastates as compared with 
the animals on the semi-synthetic diet, whose food 
intake was lower. Evidence for the role of the other 
dietary factors, such as changes in protein and riboflavin 
level, on tumor development following the minimum 
period of exposure to the azo dye cannot be adduced 
from the data presented here because of the co-existing 
variations in caloric intake, which of themselves influence 
tumor development. 


SUMMARY 


1. Rats fed m’-methyl-p-dimethylaminoazobenzene 
in a semi-synthetic diet low in protein and riboflavin 
for 39 and 46 days, then followed for 150 days without 
the dye, developed no liver tumors whether the diet 
during the dye-free period was semi-synthetic or fox 
chow. 

2. Rats which were fed the azo dye in the semi- 
synthetic diet for 69 days, and then placed on dye-free 
diet, developed a high incidence of tumors. Approxi- 
mately 93 per cent of the animals placed on fox chow 
following the dye-feeding period had tumors, whereas 
80 per cent of those maintained on the semi-synthetic 
diet developed tumors. The tumors of the animals 
receiving fox chow appeared earlier and were more 
malignant as evidenced by the greater incidence of lung 
metastases. 

3. The histopathology of liver tumors produced by 
m'-methyl-p-dimethylaminoazobenzene was found to be 
similar to that of tumors produced by the parent dye, 
p-dimethylaminoazobenzene, namely liver cell car- 


cinoma, bile duct cystadenoma, and cholangioma. 
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INTRODUCTION 

The experiments to be described in this paper were 
begun with a number of objectives in view: first, to 
study tumor production by f-dimethvlaminoazobenZzene 
In rats upon diets having a well-defined composition 
from a nutritional standpoint; secondly, to determine 
under such well-detined nutritional conditions the 
effects of mibotlavin and of liver extract, which had been 
previously reported to reduce tumor incidence when 
given as supplements to a polished rice diet; and thirdly, 
to follow tumor development throughout the entire life 
span of a population rather than to limit the observa- 
tions, as had been usually done, to determination of 
tumor incidence at the expiration of some arbitraril 
chosen period of time. 

As the experiments proceeded, tests of the effects of 
substances other than ribotlavin and liver extract: upon 
tumor development were carried out; the ettects of 
cysteine, cystine, fP-aminobenzotc acid, pantothenic acid, 
choline, mositol, lpocaic, and succinic acid will be 


The etfects of biotin and egg 


wes 


reported in this paper. 
albumin will be reported in subsequent communications, 

Since these experiments were begun in January, 1941, 
reports upon the effects of a number of these agents 
have appeared from other laboratories. In spite of a 
certain degree of overlapping with such previously pub- 
lished data, the present experiments are presented in 
some detail because they give a complete record of 
tumor development with each combination of agents 
used, 

METHODS 

The rats used in these experiments were obtained 
from a local breeder and were descendants of the Wistar 
strain. Their weights at the beginning of treatment 
ranged from 75 to 120 gm. but few animals of less 
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used, and the 
weighed 100 to EL0 gm, 


than 90) em. were number 


Breater 

The caremogen, p-dimethyvlaminoazobenzene, obtained 
from Kastman Kodak Company, was administered in the 
rats’ food, “he tirst lot of dye obtained was recrystal- 
lized, but this procedure was omitted as unnecessary 
with subsequent lots. Instead of dissolving the dve in 
olive ol as others have done, we used cottonseed oil 
(Wesson Onl), dissolving 


with the aid of moderate heat. 


30 gm. in 970 gm, of oll 
Thirty grams of this 
solution were thoroughly mixed with 970 gm, of diets 
1 to 10, 18 to 24, 30, 34, and 35, 


tinal mixture thus contained 0.9 mem. of the dve, a 


One gram of the 


concentration one-half agai as great as has been used 
by most workers. In diets 25 to 29 the dve content 
was reduced to 0.6 mgm. per gram, only 20 grams of 
the solution being added to 980 grams of the diet, and 
with diets 41 and 42 a similar reduction was achieved 
by addition of 30 gm. of a 2 per cent solution of the 
dve to 970 gm, of the diet. ‘The carcinogen content 
was lowered with the hope of reducing the mortality 
rate in the first weeks of each experiment. 

The animals were kept in groups of five per cage, 
In an air-conditioned room at a temperature of 76° to 
80° F. No measurement of the individual food intake 
could be made. In order to prevent accumulation of 
old food, the food cups were allowed to become empty 
at weekly intervals, but at all other times they were 
kept tilled, 


(see Results), the carcinogen was administered con- 


With the three exceptions noted below 


tinuously until the rats died or were killed. 
Six different basal diets have been used. One con- 

sisted solely of finely ground polished rice. The composi- 

Basal diets 1, 


3, and 4 contained 20 per cent casein and differed only 


tion of the other five 1s given in Table I. 
in riboflavin content. Basal 3 was low, basal 1 inter- 
mediate, and basal 4 relatively high in riboflavin. Basal 
5 differed from basal 3 in containing only 10 per cent 
casein, one half as much thiamin, two thirds as much 
vitamin B,, and no choline. Basal 2 was low in ribo- 
flavin, and contained no casein and no choline. 
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Tanne | 
Kasal Diets 
No. | No, 2 No, 3 No, 4 No 


Casein, vitamin-etree, Labeo 200.00 0.0 200,00 200.00 100.00 
Crisco or Primex 50.00 S0O.00 50.00 50.00 50.00 
MeCollum/’s Salt Mixture No, 18S* (modified) 40.00 40.00 A000 40.00 40,00 
Agar} Z0.00 Z0.00 20.00 20.00 Z0.00 
Carotene 0.0] 0.0] 0.0] 0.0] 0.0] 
Vitamin L) Concentrate in cottonseed oil 

(400,000 UI, per pin.) 0.005 0.005 0.005 0.005 0.005 
Thiamin 0.005 0.005 0.005 ().005 0.0025 
Ribotlavin 0.005 (040) 0.0015 0.00% 0.0015 
Vitamin Bo 0.003 0.003 0.003 0.00. 0.002 
Nicotume acid 0.0] 0.005 0.0] O40] 0.0] 
a-"Tocopherolt 0.0] 0.0] 0.0] 0.0] () 0} 
Calcrum pantothenate O.0056 O56 0.0056 0.0056 0.0056 
Choline chloride 1.0 0.0 1.0 1.0 0.0 
Cerelose, refined’ O89.0 0.0 689.0 689.0) 2900 
Ground polished rice 0.0 BO.) 0.0 0.0 0.0 


* This was modified by the additicom of O.4 pm. of KE, 0.72 po. of CuSO, and 
according to MeCothum'’s formula, 

i Atter February, 1942, avar bad to be omitted from the diets, and pieees of filter paper were fed to the rate. 
of «chets -, tO, 17, 19, 20, 24, 25, and 26 were subjected to this change. Atumais receiving diets 27 to 42 
additional 2) of carbohydrate was substituted for agar, 

fin the later experiments this was supphed as distilled natural tocopherols, 

Sin February, 1944, it became necessary to replice cerelose by starch, Some of the 
subjected to this change. 


LO ym. of Mile to 5916.6 gm. of salts mixed 


Some of the animals 
never had avar. An 


rats on chets 30 to 35, inclusive, were 


The composition of the diets made from the various — basal dicts is given in ‘Vable If. 


Tanre tl 


Diets 
1 4850 em. Ist Basal 28. 4895 om. 2d Basal 
150 * Carecmogen solution LO) * Carcinogen solution 
ms ~ 5 - & . : ° 5 | . 
2, 4704.5 am. Ist Basal l-Cysteme hydrochloride 
150 * Carcinogen solution Oo. 4850 vm. 2d Basal 
M455 * Liver extract, Lally 1) “  Caremogen solution 
. 50 “s -(‘ystine 
3. 4845 om. Ist Basal i-Cystine 
ISO *  Carcmogen solution 30. 4100 gem. 2d Basal 
24.5 cc. Liver Extract Solution, Purified, Lilly* 150 “Carcinogen solution 
5 - Aver I¢extract, L 
5. 4845 vom. Ist Basal 750) Liver Extract, Ly 
150 * Carcinogen solution 21. 4850 em. 3d Basal 
485 “9 p-Aminobenzore acid ISO 2 =—*— Careinogen solution 
8. 4850 em. Ist Basal 22. 4800 gm. 3d Basal 
150 * Carcinogen solution 150 * ( arc nOgen solution 
165 mgm. Pantothen ¢ acid 50 = -Cysteine hydrochloride 
10. 4800) em. Ist Basal 35. 4600 gem. 3d Basal 
ISO) 0 Carcinogen solution ISO)0 Carcinogen solution 
Sd“  /-Cyste.ne hydrochloride 250 “ Lipocaic 
17. 4850 em. Ist Basal 23. 4850 gm. 4th Basal 
150 * — Caremogen solution 150) “ — Careinogen solution 
»c , , — = 
125 mem. Riboflavin 24. 4800 em. 4th Basal 
19, 4842.5 om. Ist Basal 150 “ Carcinogen solution 
150 “Carcinogen solution 50 “  [-Cyste:ne hydrochloride 
re Choline hydrochloride 34. 4825 om. 4th Basal 
20. 4845 oem. Ist Basal 150 “ Carcinogen solution 
150 “ Carcinogen solut-on 25 ‘ — Suce.nic acid 
5 Inositol 41. 4800 gem. 4th Basal 
9, 4850 em. Ground polished rice 150 =“ ~—s Care‘nogen solution (2% Dye) 
ISO. =~ Carcinogen soluuon 50 “  ]-Cystine 
15. 4850 em. 2d Basal : 42. 4800 gm. 4th Basal 
150 “ Carcinogen solution 150 “ Carcinogen solution (2% Dye) 
" 50 “ J[-Cysteine hydrochloride 
16. 4704.5 gm. 2d Basal y y ; 
10 “ Carcinogen solution 25. 4900 gm. Sth Basal 
145.5 “ Liver Extract, Lilly 100 =—“*.—s Carcinegen solution 
27. 4850 em. 2d Basal 26. 4754 gm. Sth Basal . 
100 “ Carec:nogen solution 100 =“ = Carcinogen solution 
50 “  J-Cysteine hydrochloride 146 “ Liver Extract, Lilly 


* Equivalent to twice the amount of fresh liver represented by the crude liver extract used in diet No. 2. 
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At first, for each group of rats fed a diet containing 
the carcinogen, a control group of rats was fed the same 
This 
procedure was soon abandoned since it did not yield 
enough information to justify its continuance. The 
livers of these control animals were ultimately found to 
be normal. 


diet without the oily solution of carcinogen. 


As would be expected, none of our basal 
diets permitted maximal growth, and addition of the 
carcinogen resulted in much additional retardation of 
growth, 

As a means of reducing the mortality rate as much 
as possible, the rats that received the rice diet or modi- 
fication of the second basal diet were also given 10 gm. 
of carrot each twice weekly. This procedure nullifies 
the advantages offered by an exact synthetic diet, and 
the necessity for such supplementation to a diet renders 
the use of that diet undesirable. In the case of diets 
16 and 30 this supplementation was discontinued as 
unnecessary after several weeks. 

All animals were weighed twice weekly for several 


months, and thereafter only once weekly except in case 
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which a tumor may be palpated depends not merely 
upon its size, but largely upon its location, i.e. whether 
it lies entirely within the lobe and causes a smooth 
enlargement, or is superficial and forms a_ projecting 
nodule, and upon its situation with respect to the costal 
margin. A tumor arising in the cephalad part of the 
liver may become quite large before a definite diagnosis 
can be made, although the liver margin 1s obviously 
lower than normal, whereas a tumor more accessible to 
palpation may be discovered when only a few millimeters 
in diameter. ‘The development of cirrhosis with forma- 
tion of large nodules of regenerated liver cells also 
renders diagnosis difhcult. Hence, tumors that appeared 
times reached a larger size before being diagnosed than 
would have been the case had the dict offered protection 
against cirrhosis. After sufhcient experience had been 
gained, uncertainty as to the presence of a tumor was 
usually dispelled within a week or two. Rapid growth 
of a mass and the degree of firmness and the contour 
of the masses aided in distinguishing between carcinoma 


of diets on which the rats gained little or lost weight. and cirrhosis. 


Development of cirrhosis preceded by 
After three months’ administration of the dye, palpa- 
This 


method is not entirely satisfactory, for the readiness with 


several weeks the appearance of tumors. Occasionally, 


tion of the abdomen was performed weekly. formation of large numbers of cysts led us to a mistaken 


diagnosis of cancer. 


TABLE III 








In Tumor Rats 
Minimal ‘ Cirrhosis i 

Date Effec- latent 50% Tumor AN ——, 
Diet begun Total tive period, incidence, Much Slight Focal Fibrosis 
No. 1941 used Total Tumors days days % % % % 
l Jan. 14 90) 62 55 104 212 () 6 31 72 
1* July 29 40 31 28 
2 Jan. 14 30 26 24 112 184 0) 0 8 52 
3 Jan. 15 30 28 26 139 205 4 0 24 48 
5 “ 30 23 22 132 183 5 5 14 7/7 
8 Mar. 15 H 17 17 124 174 () 12 41 76 
9 Apr. 25 44 19 15 90 163 73 27 0 47 
10 Jan. 15 30 28 22 119 296 0 6 21 48 
10* Sept. 11 30 19 12 
15 May 19 55 34 30 87 139 83 13 3 43 
16 ™ 40 28 22 143 401 O 9 18 73 
17 Aug. 21 30 27 23 96 173 + 0 31 65 
19 Sept. 16 OU 23 21 134 250 10 33 33 50) 
20 ss 30 17 15 126 235 20 40 20 73 
21 Sept. 11 30 20 15 72 153 100 0) 0 33 
22 Sept. 22 30 26 25 113 152 52 36 8 48 
23 Sept. 12 30 21 18 131 227 6 33 39 45 
24 Sept. 29 30 18 9 198 408 11 11 22 44 
25 Dec. 16 50 32 29 120 162 86 14 () 31 
26 ‘- 25 23 13 162 455 0 31 15 54 

1942 
27 Mar. 16 25 23 22 114 176 90 5 5 72 
28 7‘ 25 20 19 121 142 100 0 0) 50 
29 ™ 25 22 21 127 169 81 19 0) 43 
30 Apr. 21 25 20 17 106 266 24 18 30 4] 
34 Apr. 28 25 20 19 1767 232 10 25 35 10 
35 May 8 25 23 20 155+ 213 0 40 35 50 

1944 
4] July 24 25 22 11 148 561 () 25 25 34 
42 o 34 2 9 222 never 0 9 36 y) 

* Repeat. 


+ Latent period too long, unforeseen circumstances having prevented palpation sooner than five months. 
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In calculating tumor incidence, the number of rats 
on any given diet living at the time the first tumor 
was diagnosed and which were subsequently examined 
This number is referred 
The point of 50 
per cent tumor incidence is the time at which half of 
The 
minimum latent period of ‘Table III gives the earliest 
time at which we were sure a tumor was present. In 


at necropsy has been used. 
to in l'able III as the effective total. 


the effective total of animals developed tumors. 


most instances the rats were killed soon after the tumor 
was detected. Some rats died with small tumors that 
could not have been palpated. Several rats that had 
palpable tumors were not included in the figures since 
they died and were eaten by cagemates before confirma- 
tion of the diagnosis by inspection of the liver could 
be accomplished. Several presumably tumor-free rats 
The 


livers of all animals included in the tables have been 


were excluded from the data for the same reason. 


examined microscopisally. 

Kach point on the experimental curves (Figs. 18 to 
24) represents the detection of a tumor in one or more 
animals. ‘he exact number of animals affected at any 
point can be determined from the effective total in 
Table II] and the tumor percentage shown on the 


The death 


of a tumor-free animal is indicated by a short line per- 


ordinate of the curve under consideration. 


pendicular to the curve. 

The procedure, adopted by some investigators, of 
killing all rats in a group at a given time makes it pos- 
sible to get an accurate figure of the incidence of tumor 
formation at that time, but is subject to the disadvantage 
of not permitting observations at later intervals, and 
hence may predispose to the drawing of erroneous con- 
clusions. Our method, while less accurate at whatever 
time interval is selected for termination of the experi- 
ment in the other method, gives a more accurate overall 
picture. For example, if we had killed all our animals 
at the end of 6 months, we should not have learned 
that with continuous administration of the carcinogen, 
animals that receive a tumor-retarding diet may ulti- 
mately have a tumor incidence nearly as high as that 
of the controls. (For example, compare curves of diets 
15 and 16, Fig. 21.) 


mental animals are not feasible, and it would be imprac- 


Frequent laparotomies of experi- 


tical to run experiments on such a scale as to permit the 
killing of groups of 20 or 25 rats at weekly intervals 
in order to ascertain the tumor incidence in experimen‘s 
that may run for more than a year. 


RESULTS 
Histological observations—Nodular cirrhosis devel- 
oped regularly and reached an advanced stage in ani- 
mals receiving the polished rice diet and diets made 
with basal 2, 3, and 5., Exceptions are diets 16, 26, and 
30, to which liver extract had been added, and diet 35, 
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which contained lipocaic. The incidence of cirrhosis on 
diet 22 was somewhat less than on diet 21 (see Table 
I11, which shows the incidence and degree of cirrhosis 
among tumor-bearing rats on all diets). It will be 
noted that the diets that produce cirrhosis contain little 
riboflavin and that, except for basal 3, they provide little 
protein and no choline. Animals that received diets 
made from basal diets 1 and 4 never developed extensive 
cirrhosis, and only a few developed so much as a slight, 
grossly recognizable cirrhosis. Although development 
of slight, and usually focal, microscopic cirrhosis was 
not uncommon, many rats did not develop even a micro- 
scopic cirrhosis (7.e. no increase in collagen was demon- 
strable with Mallory’s aniline blue stain). By focal 
microscopic cirrhosis we mean that there were foci in 
which single lobules or only a few lobules were sur- 
rounded by delicate bands of collagenous tissue. ‘These 
bands ramified outward between the adjacent lobules to 
a variable extent. In such foci, bile duct proliferation 
was usually slight. It was obvious that diffuse, nodular 
cirrhosis would result from growth and confluence of 
such foci. 

In an otherwise grossly normal liver, we not infre- 
quently observed foci of fibrosis that were usually located 
in the right half of the median lobe and the anterior 
half of the right lateral lobe. At times both halves of 
the median Jobe were involved, and occasionally the 
right half of the left lobe showed some fibrosis. With 
diffuse cirrhosis this sharp localization of fibrosis was 
not evident. Although fibrosis at times was so extensive 
as to involve an entire lobe, as a rule the lesion was 
focal (Fig. 7), but the foci were frequently confluent, 
with persisting islands of liver cells (Fig. 8.) Opie 
(27) has called this lesion cholangiofibrosis and has 
described it so well that no further description is neces- 
sary. We wish to mention its occurrence, since some 
workers have apparently considered it a manifestation 
of cirrhosis. Although it was found regularly in severely 
cirrhotic livers, it also occurred to some degree in other- 
wise normal livers, and frequently, but not invariably, in 
livers that showed only slight focal cirrhosis. 

The predominance of localization of fibrosis in the 
right half of the median lobe and anterior half of the 
right lateral lobe is of interest, as is the fact that in 
livers which were not grossly cirrhotic, tumors tended 
to show the same distribution. 
Figs. 1, 2, and 3. 


tumors in these two locations only, even though tumors 


Examples are shown by 
The number of livers containing 


were multiple, was more than twice as great as the 
number in which tumors were found in other lobes 
alone or in other lobes as well as the ones mentioned. 
When cirrhosis-producing diets were administered, this 
peculiar localization of tumors was not observed. Fur- 
thermore, with cirrhosis-producing diets, tumors were 
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usually multiple, whereas with the other diets tumors 
were frequently single. Even with cirrhosis-producing 
diets, Opie (27) found more tumors on the right side 
of the liver. 

The relation of cirrhosis to tumor development is 
worthy of comment. In the early work on p-dimethyl- 
aminoazobenzene carcinogenesis, cirrhosis occurred with 
such regularity that Sugiura and Rhoads (31) con- 
trasted the action of this dye with that of o-aminoazo- 
toluene, remarking that with the former the usual 
sequence is, first the development of cirrhosis with sub- 
sequent appearance of tumors, whereas with the latter 
Yet 
Maruya (13) remarked that cirrhosis is not necessary 
for tumor production, and the data of the group at the 
University of Wisconsin (14, 18) and of Opie (27) 


confirm this observation. 


compound cirrhosis generally does not develop. 


Our data also show that 
tumors develop readily in the absence of cirrhosis. 
While it is true that tumors appear earlier in rats fed a 
cirrhosis-producing diet, this does not necessarily mean 
that 
Kline (10) observed that addition of p-aminobenzoic 
acid to the diet caused great reduction of cirrhosis with- 


cirrhosis in itself promotes carcinogenesis, for 


out changing the incidence of liver cancer. 

Inasmuch as the pathogenesis of ~-dimethylaminoazo- 
benzene carcinogenesis has been adequately discussed by 
others, notably by Opie (27) and Edwards and White 
(5), it is unnecessary to present an account here. How- 
We have 
Among the malignant 
tumors there was a wide variety of types ranging from 
well differentiated adenocarcinoma through mixtures of 


ever, a few general remarks will not be amiss. 
obtained a variety of tumors. 


adenocarcinoma and malignant hepatoma (a very com- 
mon type), to pure malignant hepatoma, and to a com- 
pletely undifferentiated type of tumor composed of 
masses of small basophilic cells. These are illustrated 
in Figs. 9 to 17. 

We cannot say how many of these tumors are derived 
We 


are convinced that most of them arise from liver cells, 


from liver cells and how many from bile ducts. 


although some evidently arise from bile duct epithelium. 
The mere formation of glandular structures in a liver 
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tumor is not proof of its origin from bile ducts. Gomori 
(6) has stated recently that hepatomas are lipase positive 
and cholangiomas are lipase negative. Until p-dimethyl- 
aminoazobenzene tumors are studied by a method such 
as Gomori’s, the question as to percentage of each type 
of tumor will remain a matter of personal opinion. 
Histologic changes other than tumor formation have 
been described by Opie (27), Edwards and White (5, 
34), Gyérgy, Poling, and Goldblatt (7), Antopol and 
Unna (2), and Orr (28), so that here, too, a detailed 
discussion is unnecessary. After several weeks of admin- 
istration of the dye a change became apparent in the 
size and staining capacity of liver cells, and was more 
conspicuous in animals that were killed than in those 
that died spontaneously. Some cells were paler and 
slightly or considerably larger than the others, and had 
coarsely granular cytoplasm. Other cells were small, 
rather dark and basophilic, and had finely granular or 
homogeneous cytoplasm; mitoses in these cells were 
The 


appeared to originate about the portal spaces. 


sometimes fairly numerous. basophilic cells 
Cells of 
either of these types sometimes extended from one edge 
of a lobule toward, to, or beyond a central vein. ‘Tran- 
sition from small to large, or darkly to lightly stained 
cells was abrupt (Fig. 6). This change was seen even 
after many months of treatment, and in tumor-free as 
well as tumor-bearing livers. In cirrhotic livers the 
change was less striking, for although the lobules varied 
much from one another, the individual lobules were 
fairly uniform. Similar changes have been mentioned 
by Gyérgy, Poling, and Goldblatt (7), and by Opie 
(27). 

Not infrequently, cells of malignant, as well as of 
This is 


In the case of malignant tumors the 


benign tumors contained large fat globules. 
shown in Fig. 15. 
cells so affected were apparently relatively less malignant 
than the others, but mitoses have been seen in fat-con- 
taining cells. Occasionally fat storage in tumors was 
much more prominent than in the non-neoplastic liver 
cells, 

There was great difficulty in distinguishing between 
neoplasia and regeneration in livers of some of the 





DESCRIPTION OF FIGURES 1 TO 5 


Fig. 1.—Liver of rat 954, killed after 205 days on diet 
26. There is some scarr-ng lateral to tumor in right half 
of median lobe, but remaining tissue is smooth. Mag. 
x te. 

Fig. 2.—Liver of rat 67, killed after 194 days on diet 1. 


Median lobe is shrunken and fibrotic, and left lobe is 


scarred. Tumors are present in right and left lobes. Mag. 
M 12. 
Fic. 3.—Liver of rat 22, killed after 203 days on diet 1. 


A large tumor arises from right half of median lobe. 
There is no cirrhosis. Mag. X 1.2. 

Fic. 4.—Liver of rat 746, killed after 140 days cn diet 
21. There is cirrhosis with much regeneration of liver 
tissue. Right half of median lobe is fibrotic. There is 
no tumor. Mag. X 1.2. 

Fic. 5.—Liver of rat 393, killed after 86 days on diet 9. 
The liver is cirrhotic, and in right half of median lobe 
there is indented tumor 1 cm. in diameter. Mag. X 1.2. 
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animals. Nodules which were not unquestionably neo- 


plastic were classed as non-neoplastic. ‘This may result 
in our having a lower incidence of tumors than we 
should, but error in this direction is preferable to error 
in the other. 

With three exceptions, administration of the dye was 
continued until the animals died or were killed. ‘Two 
of the three rats (Nos. 337 and 338, diet 8) received 
the dye for 259 days, and then were given our colony 
diet. 
days later, the other lived 222 days before tumor was 
The third rat (No. 91, diet 2) received the 
dye for 379 days, and after 69 days on the colony 


One animal was found to have liver cancer 71 
detected. 


diet was found to have liver cancer. 

The data for all diets are summarized in Table III. 
The effects of variation of riboflavin and casein content 
of the basal diets, and of addition of liver extract, of 
cysteine, and of cystine, are recorded graphically in 
Figs. 18 to 24. 

Effect of variation in riboflavin and casein content of 
diet-—-With 20 per cent casein in the basal diet, four 
levels of riboflavin were employed: 1.5, 5, 8, and 26.5 
mgm. per kgm. of basal diet. ‘The times at which 50 
per cent of the animals developed tumors on diets 21, 
1, 23, and 17 were 153, 212, 227, and 173 days 
respectively (See Fig. 18). 

The addition of 1 mgm. of riboflavin per kgm., with 
a supplement otherwise adequate, to a polished rice diet 
produced no delay in tumor development as compared 
The times for 50 per 
cent tumor development in diets 15 (with supplement) 
and 9 (polished rice alone) were, respectively, 139 and 
163 days. (Fig. 19). 

The effects of 10 and 20 per cent casein were com- 


with that on polished rice alone. 


pared at a single low riboflavin level of 1.5 mgm. per 
kgm. basal diet. ‘The times at which 50 per cent of 
animals developed tumors on diets 25 (10 per cent 
casein) and 21 (20 per cent casein) were 162 and 153 
days, respectively (Fig. 20); the effect of the added 
casein under these circumstances, in which the low ribo- 
flavin content apparently acted as a limiting factor, was 
negligible. 
tumor development with 10 or 20 per cent casein was 
nearly the same as with the basal diet 2, polished rice 


Also, at this riboflavin level, the time for 
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containing | mgm. per kgm. of riboflavin (diet 15). 
Thus, addition of casein causes no delay in tumor 
development unless riboflavin is also increased to an ade- 
quate level which, in our experience, appears to be about 
5 to 8 mgm. per kgm. of basal diet. 

These data confirm the observation of the Memorial 
Hospital group (8) that, with adequate casein, increase 
in the riboflavin intake to an optimal level reduces tumor 
incidence or delays tumor development. ‘The appar- 
ently smaller protection afforded by supraoptimal ribo- 
flavin intake remains unexplained. 

Effect of liver extracts—T'wo types of liver extract 
were tested: Liver Extract, Lilly (earlier known as 
Liver Extract No. 343), and secondly, Liver Extract 
Solution Purified, Lilly, a concentrate containing a 
higher ratio of anti-pernicious anemia principle per unit 
weight of solids than Liver Extract, Lilly. 

On a diet of polished rice with vitamin supplements 
adequate in factors other than riboflavin (1 mgm. per 
kgm.), 3 per cent liver extract delayed tumor develop- 
ment; the times at which 50 per cent of animals 
developed tumors were 139 days (control, diet 15) and 
401 days (3 per cent liver extract, diet 16). See Fig. 
21. This confirms and extends the observations of 
the Memorial Hospital group (32) as to the protective 
effect of liver extract. 

When the content of Liver Extract, Lilly, was 
increased to 15 per cent (diet 30), there was less pro- 
tection (50 per cent tumors at 266 days). ‘This 
lower protection at higher liver dosage is believed to be 
due, at least in part, to the biotin content of the liver 
and will be discussed further in a later paper. 

When tested against a control diet containing 10 per 
cent casein and 1.5 mgm. per kgm. of riboflavin, 3 per 
cent of liver extract gave a degree of delay in tumor 
development comparable to that obtained upon the pol- 
ished rice basal diet, the times at which 50 per cent 
of the animals developed tumors being 162 days (con- 
trol, diet 25) and 455 days (3 per cent Liver Extract 
Lilly, diet 26). See Fig. 22. 

When tested against a more adequate diet containing 
20 per cent casein and 5 mgm. per kgm. of riboflavin, 3 
per cent of liver extract gave no delay, or even perhaps 
an acceleration, in tumor development, the times at 








DESCRIPTION OF FIGURES 6 TO ll 


Fic. 6.—There is abrupt transition from small cells with 
es cytoplasm to larger cells with pale cytoplasm. Mag. 
X 122. 

Fig. 7—A focus of cholangiofibrosis. Mag. & 122. 

Fic. 8—An example of more extensive cholangiofibrosis. 
Mag. X 122. 

Fic. 9.—Invasion of a vein by an otherw’se apparently 


benign hepatoma. Mag. X 122. 

Fic. 10.—A common type of malignant tumor incor- 
porating glandular and solid trabecular arrangement of 
cells. Mag. X 122. 

Fic. 11.—Malignant tumor of hepatoma type with cells 
arranged in broad cords. Mag. X 122. 
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which 50 per cent of animals developed tumors being 
212 days (control, diet 1) and 184 days (3 per cent 
liver, diet 2). See Fig. 22. It will be noted that 
both the relative and absolute delay produced by 3 per 
cent liver extract were less under these conditions than 
on the 10 per cent casein-low riboflavin diet. 

Liver Extract Purified, Lilly, used in an amount 
equivalent to twice the amount of original liver repre- 
sented by the 3 per cent Liver Extract, Lilly, likewise 
gave no protection on the 20 per cent casein—5 mgm. 
per kgm. riboflavin diet. 

The variation in effect of liver extract, dependent 
upon the concentration used and the nature of the basal 
diet, illustrates the need for caution in interpretation 
and comparison of results obtained by different investi- 
gators, and the desirability of controlling the components 
of the diet as closely as possible. 

Effect of cysteine and cystine —Cysteine (as /-cysteine 
hydrochloride) was tested at 0.1 per cent and 1 per cent 
against the low-riboflavin—polished-rice diet (basal diet 
2) and at 1 per cent against diets containing 20 per 
cent casein and varying amounts of riboflavin. 

Upon the low-riboflavin—polished-rice basal diet, 
0.1 per cent cysteine gave no protection, but 1 per cent 
gave a slight delay, the times at which 50 per 
cent of animals developed tumors being 139 days 
(control diet 15), 142 days (0.1 per cent cysteine, diet 
28), and 176 days (1 per cent cysteine, diet 27). 
See Fig. 23. 

Upon the same test diet, 1 per cent cystine also gave 
a slight delay (169 days, diet 29, compared to 139 
days, diet 15). See Fig. 23. 

With a 20 per cent casein diet containing only 1.5 
mgm. of riboflavin per kgm., addition of 1 per cent of 
cysteine had no appreciable effect upon tumor develop- 
ment (50 per cent tumors at 153 days with diet 21 and 
at 152 days with diet 22). With larger amounts of 
riboflavin in the diet there was consistent lengthening of 
the time for 50. per cent tumor development: at 5 mgm. 
per kgm. the interval was 296 days (diet 10) as com- 
pared to 212 days (diet 1); and at 8 mgm. per kgm. 
the interval was 408 days (diet 24) compared to 227 
days (diet 23). See Fig. 24. 


Since cysteine had caused such striking retardation 


of carcinogenesis under proper conditions, and since the 
statements in the literature concerning the effect of 
cystine (7, 14, 21, 33, 34) were contradictory, and in 
the main opposed to our findings with cysteine, it 
seemed desirable to compare the effect of the addition 
of these two amino acids to our fourth basal diet, 
Accordingly, diets 41 (1 per cent cystine) and 42 (1 
per cent cysteine) were prepared. At this time the 
concentration of p-dimethylaminoazobenzene in cotton- 
seed oil solution used in preparation of the diets was 
reduced from 3 per cent to 2 per cent, resulting in a 
reduction of dye content of the diet from 0.9 mgm. 
per gm. to 0.6 mgm. per gm. This reduction of car- 
cinogen content resulted in an even greater retardation 
of tumor development than was noted with diet 24, 
but the point of significance is that both cystine and 
cysteine had the same effect in retarding carcinogenesis, 
See Fig. 24. 

Effects of p-aminobenxoic acid, pantothenic acid, 
choline, inositol, succinic acid, and lipocaic—Under the 
conditions of test, none of these substances affected 
significantly the rate of tumor development. 

The first four substances were tested against a control 
diet containing 20 per cent casein and 5 mgm. riboflavin 
per kgm. (basal diet 1). The times at which 50 per 
cent of the animals developed tumors were: control 
(diet 1), 212 days; 0.1 per cent p-aminobenzoic acid 
(diet 5), 183 days; 55 mgm. pantothenic acid per kgm. 
of diet (diet 8), 174 days; 0.15 per cent choline (diet 
19), 250 days; 0.1 per cent inositol (diet 20), 235 
days. 

Succinic acid was tested against a control diet con-' 
taining 20 per cent casein and 8 mgm. riboflavin per 
kgm. The times at which 50 per cent of animals 
developed tumors were 227 days for the control (diet 
23), and 232 days for the 0.5 per cent succinic acid 
diet (diet 34). 

A preparation of lipocaic (supplied by Mr. G. B. 
Walden, Lot H7254) was added at a level of 5 per cent 
to a diet containing 200 gm. of casein and 1.5 mgm. 
of riboflavin per kgm. (basal 3). As compared with 
diet 21 (basal 3 plus the carcinogen), the lipocaic diet 
showed striking retardation of carcinogenesis, but the 
curve of tumor development was nearly identical with 





DESCRIPTION OF FIGURES 12 TO 17 


Fic. 12—A benign hepatoma, the cells and nuclei of 
which vary greatly in size. The trabeculae also vary in 
w:dth. Mag. X* 122. 

Fic. 13—A malignant hepatoma with many mitoses. 
The cell cords are narrow. Mag. X 122. 

Fic. 14.—An adenocarcinoma. Mag. X 122. 

Fic. 15.—Many tumor cells contain large fat globules. 


Mag. X 122. 

Fic. 16.—A tumor composed of cells suggest:ve of 
squamous epithelium, but without intercellular bridges. 
Mag. X 122. 

Fic. 17—A tumor composed of small undifferentiated 
ep.thelial cells. Mag. * 122. 
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Fics. 12 To 17 
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DESCRIPTION OF FIGURES 18 TO 24 


Fics. 18, 19, and 20.—The effect of variation in ribo- upon carcinogenesis. 


flav'n and casein content of the diet upon carcinogenesis. Fics. 18 to 24 show cumulative tumor percentage on 
Figs. 21 and 22.—The effect of liver extract upon car-  ¢arious diets. The composition of the diets is given in 
cinogenesis. Tables 2 and 3. Death of a tumor-free animal is indi- 


Fics. 23 and 24.—The effect of cysteine and of cystine cated by a short line perpendicular to the curve. 








174+ 


that of diets 1 and 23. 


contained 139 pgm. of riboflavin per gm., the actual 


Since the sample of lipocaic 


riboflavin content of diet 35 was 8.5 wgm. per gm., a 
level comparable to that in diet 23. It is thus evident 


that lipocaic in itself did not affect carcinogenesis. 


DISCUSSION 


Perusal of the literature on p-dimethylaminoazoben- 
zene carcinogenesis leaves the impression that some 
authors regard substances such as yeast and liver as offer- 
ing complete protection against tumor development, 
whereas long-term experiments such as those here 
reported indicate that such protection is only partial, 
and that tumor development is retarded rather than 
entirely prevented, It has been shown (9) that admin- 
istration of the compound for fifty days suthces for ulti- 
mate carcinogenesis, and it is possible that if we had 
stopped the administration at that time the effect of 
tumor retardation would have been more striking. 


A variety of agents has been reported to retard tumor 
development. These include liver (14, 19, 23, 25), 
liver extracts (14, 30, 32), kidney (20), veast (14, 24, 
29, 30, 31), ether extract of veast (29), alcohol extract 
of Veast (32), rice bran oil (9), ether extract of rice 
bran (29), rve (12), wheat (1), millet (22), ribo- 
Havin and casein together (2, 8, 14, 30), egg albumin 
(11, 14), and hydrogenated coconut oil (15, 16). 


Tumor development is reported to be accelerated by 
splenectomy, by blockage of the reticuloendothelial sys- 
tem, by addition of cholesterol or lanolin to the diet, 
and by simultaneous administration of phosphorus or 
arsenic (9). A procarcinogenic action has been reported 
for biotin (3, 4+), pyridoxin (17, 18), inositol (14), 
rice (26), and fat (26). 

Conflicting observations have been made upon the 
Gyorgy, Poling, and Goldblatt (7) 
found that simultaneous administration of cystine and 


effect of cystine. 


choline offered definite, but not regular protection 
against liver injury by p-dimethylaminoazobenzene, 
but White and Edwards (34) using an almost identical 


diet, could not confirm these observations. In fact, 
addition of cystine and choline to the diet raised the 
tumor incidence from 60 per cent to 90 per cent, and 
addition of methionine had the same effect. Mori 
(21) found that the addition of 0.1 per cent cystine 
to the diet had no effect on tumor development, but 
White and Edwards (33) found that tumor develop- 
ment on a diet low in cystine was notably retarded as 
compared with tumor development on the same diet 
supplemented by the addition of cystine at the level 
of 0.5 per cent. Miller, Miner, Rusch and Baumann 
(14) also found that a diet containing 0.5 


cystine favored tumor development. 


per cent 


Cancer Research 


SUMMARY 


1. In most of these experiments the carcinogen was 
administered at a level of 0.9 mgm. per gm. of diet, 
although in some the level was reduced to 0.6 mgm, 
gm, 
death of the animals. 


2. Retardation of carcinogenesis was effected by 


per Administration was terminated only with 


incorporation in the diet of the following substances: 
I per cent of cysteine; 1 per cent of cystine; 5 to 8 
mgm. of riboflavin per kgm. of a 20 per cent casein 
diet; and 3 per cent of liver extract added to a diet 
favorable to early carcinogenesis. 

3. Vhree per cent of liver extract added to a diet 
that in itself protected against carcinogenesis did not 
offer further protection, 

4. Fifteen 


otfered much less protection than did 3 per cent of 


per cent of liver extract in the diet 


liver extract. ‘his effect is attributed to biotin. 

5. Phe following substances had no = appreciable 
effect upon carcinogenesis under the conditions of our 
inositol ; 


experiment: choline; p-aminobenzoic acid; 


pantothenic acid; lipocaic; and succinic acid, 
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The Effect 


of Biotin upon p-Dimethylaminoazobenzene 
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( Reeemed tor pubheation Oetober 12, 


hy a previous report, we (2) have shown that although 


addition ot Tiver extract at a level of J per cent to a 
diet favorable to produehon of hepatic caremoma ty 
pedimethvlaminoazobengene resulted in great retarda 
ton of tumor development, addition of the extract at 
a level of TS per cent athorded appreciably less protes 
tion, This etheet was attributed to biotin, sinee the US 
per cent liver extract diet contained approximately 0.2 
vg, of biotin per gram. CUhis estimate is based upon 
because the lot 


With 


a daily feed consumption of 10 em. per rat, this would 
} } 


anothet lot vt lives eXtract 


ASS .A\ of 
used in the TS per cent diet was exhausted, ) 
provide 2 aagm. per dav, an amount found by du Vig- 


neaud and his associates (1) adequate to accelerate tumor 


1Odo) 


(rom 0.9 gm. per gin, to 0.6 mpm. per pm. with the 
hope of reducimp the mortality rate, 
Table I, 


basal diet is given in our ecarher paper (2). 


our diets were 
set up as shown by Phe composition of the 
ln these 
experiments agar had to be omitted trom: the basal diet, 
and in dieu thereat, pieces of filter paper were ted to 
the rats twice weekly. Tn preparing the diet, the agar 
was replaced with an equal weight of carbohydrate, Ag 
before, TO gm. of carrot were piven to each rat twice 
weekly as long as seemed necessary. Tt was possible to 
discontinue this supplementation carhier with the diets 
lt should be observed that 


level of 0,3 


that contained liver extract, 


diets 37 and 38 contamed biotin at the 


agm. per gm, presumably a shehtly higher level than 
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end basal diet 

Liver Extract, Lally 
carcinogen solution 

( 2% in cottonseed oil) 


(synthetic). 
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whether or not our interpretation Was valid, another 


m > eeeS > ee .* ~ » © ** + 
CAD TUR aaa Was st 4 Lik>. 
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METHODS 


In general, our procedures were identical with those 


} 4 ) . te er . > 
~mploved in the earlier experiments. However, the 


* . . >. > > 
concentration of the carcinogen in the diets was reduced 
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* Presented at the 37th Annual Meeting of the Ameri- 
ean Association for Cancer Research at Atlantic City, 
New Jersey, March 11, 1%. 

**Present Address: Department of Pharmacology, 
Washington Univers'ty School of Medicine, St. Louis, 10, 


Missourt. 


/ Net ave 
48500 om, 
OATS 
1SQ)) em, 


end basal diet 
gin. brotin® 
carcinogen solution 


(26 in cottonseed oil) 


Dret aN 
4700) om. 
150) em, 
0.0015 
1SO) em, 


2nd basal diet 

Liver Extract, Lally 
em. biotin* 

carcinogen solution 
(29 In cottonseed oil) 


Was present in our 15 per cent liver extract dict, Except 
for the differences already mentioned, dicts 15R and 
1OR were identical with our original diets 15 and 16, 
As in the earlier experiment, the rats’ livers were 
palpated at weekly intervals, and as soon as it was certain 
that a tumor was present the animal was killed and sec- 
tion taken for microscopic confirmation, Administration 


of the carcinogen ceased only with death of the animals. 


RESULTS 
The results obtained in this experiment are shown 
graphically in Fig. 1, and should be compared with Fig. 
21 of our earlier paper. In both figures the ordinates 
represent cumulative tumor incidence in per cent, and 
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Death of 
tumor-free rats is indicated by a short line perpendi ular 


the abscissac represent latent period in’ days, 


to the graph of each dict, and the number adjacent 
to each curve is that of the dict concerned, 

In Fig. 21 of our carher paper (2) it is seen that 
3 per cent of liver extract in the dict (No, 16) gives 
striking retardation of tumor development as compared 
with the control diet (No, 15), but 15 per cent of 
liver extract (No, 30) gives appreciably less protection, 

In the present experiment, as shown by Fig. 1, the 
latent period of tumor development is somewhat  pro- 
longed and the slope of the curves is less steep, 
undoubtedly a result of reduction by one third of the 
concentration of the carcmogen in the diet. There is, 
however, a striking similarity between the curves for 
diets 38 and 30, and there seems little doubt that our 
explanation of the course of events noted with diet 30 
is correct, 

The results with diet 37 indicate that although biotin 
will accelerate liver tumor development on a dict that 
in itself protects against carcinogenesis, it will not have 
this effect when added to a diet that favors early car- 
cinogenesis. 

Not shown by the curve for dict 16R is the death 
of the last two rats in the experiment, both of which 
died tumor-free, one on the 615th day and the other 
on the 628th day. 

‘Table Il permits additional comparison of the original 
The data 
three lines have been taken from our earlier paper. It 


and subsequent experiments. in the first 


will be seen that the mortality rate during the pericd 
before the first tumor developed (ascertainable from 
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Taute Il 


Kate 

devel 50% 

Diet Date Kats Mfifective oping Tumor 
number begun hewun total tumors incidence 
Days 

15 May 19, 194] 55 34 KH) 139 

ly 7 40 2% 2% 41 
W) Apr. 21,1942 25 2 17 266 
ISR May 18, 1944 45 16 14 183 
lok 2 35 23 15 455 
47 Ke 5) 2h 23 227 
58 7 25 21 15 24) 


columns 3 and 4) on diets 15R and 16R was no less 
than that on the original dicts 15 and 16. Hence, the 
reduction of carcinogen content for the dicts was fruit- 
less, and had the undesirable effect of prolonging the 


latent period of tumor development. 


SUMMARY 
Fifteen per cent of liver extract in the diet had given 
less protection against p-dimethylaminoazobenzene car- 
cinogenesis than had 3 per cent, presumably because of 
To test this 
(1) control (favorable to 
carly carcinogenesis); (2) control plus biotin; (3) con- 


the biotin content of the former dict. 
point four diets were used: 


trol plus 3 per cent liver extract; and (4) control plus 
The biotin level 


in dicts 2 and 4 approximated that of the 15 per cent 


biotin plus 3 per cent liver extract. 


liver dict. ‘The curves of tumor development on diets 
1, 3, and 4 were similar to those on the control, 3 per 
cent liver extract, and 15 per cent liver extract dicts, 
Diet 2 did not 
Thus, addition 
of biotin to a protective dict probably accelerated car- 


respectively, of the carlier experiment. 
show accelerated tumor development. 


cinogenesis, but addition of biotin to a diet favorable to 
carly carcinogenesis did not have this effect. 
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The Effect of Diet Containing Dried Egg Albumin upon 
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In 1941 Miller, Miner and Rusch (4) reported 
briefly that a diet containing 12 per cent of dried egg 
white retarded liver tumor production by f-dimethyl- 
aminoazobenzene, and remarked that egg white seemed 
to offer more protection than did casein. Since no 
additional information upon this subject had appeared, 
Subse- 
quently, Aline, Miller and Rusch (3) showed that the 


the experiment herein described was begun. 


protection displaved by a diet containing 12 per cent of 
dried egg white was not due to avidin. Since their 
experiment was conducted differently from ours and was 
terminated at the end of six months, it seems worth 
presenting our data. 


TABLE I. 


Dried egg albumin* 

Primex 

McCollum’'s sait mixture No. 185 ( Modified) 
Carotene 


Vitamin D Concentrate in Cottonseed Oi! (400,000 U./gm.) 


Thiamin 
Riboflavin 
Vitamin Bs 
Nicotinic acid 
Distilled natural tecopherols 
Calcium pantothenate 
Choline chloride 
Starch 
Ground polished rice 
* “Powdered Hen Egg Albumin,” 
Diet 15R 
4850 om. 
150 gm. 


second basal diet 
carc.nogen solution 
29% in cottonseed oil) 


Diet 16R 
4700 gm. second basal diet 
150 gm. Liver Extract, Lilly 
150 gm. carcinogen solution 


(2% in cottcnseed oil) 


METHODS 


As in our other experiments with p-dimethylamino- 





* Presented at the 37th Annual Meeting of the American 
A'ssociation for Cancer Research at Atlantic City, New 
Jersey, March 11, 1946. 


azobenzene (1, 2), the rats received the carcinogen-con- 
taining diet ad libitum until it was determined by 
palpation that a liver tumor was present. The animals 
were then killed and specimens taken for histologic 
examination. 


The composition of the diets used is given in Table I, 


RESULTS 
The results are shown graphically in Fig. 1, in which 
diets 39 and 40 (each containing 15 per cent of dried 
egg albumin) are compared with low protein diet 15R 
(91 per cent rice) and diet 16R (diet 15 plus 3 per 


cent of Liver Extract, Lilly). These four groups of 


COMPOSITION OF DIETS 


Basal diets 





‘ No. 2 No. 6 : 

0.0 150.0 

50.0 50.0 

40.0 40.0 
0.01 0.01 
0.005 0.005 
0.005 0.005 
0.001 0.0015 
0.003 0.003 
0.005 0.01 
0.01 0.01 
0.0056 0.0056 
0.0 1.0 
0.0 759.0 

910.0 0.0 


obtained from Hern'ngsen Brothers, 99 Hudson Street, New York City. 


Diet 39 


sixth basal diet 
carcincgen solution 
(2% in cottonseed oil) 


4850 om. 
150 gm. 


Diet 40 
4700 gm. sixth basal diet 
150 em. Liver Extract, Lilly 
150 gm. carcinogen solution 


(2% in cottonseed oil) 


animals were contemporaneous and received the same 
concentration of carcinogen. As in our other papers, 
the cumulative tumor percentage is plotted against time 
in days, and death of a tumor-free animal is indicated 


by a short line perpendicular to the appropriate curve. 


178 








Harris—Dried Egg Albumin and Dinethylaminoazobenzene Carcinogenesis 


179 





% 
100r 
90} 15-R 


60 

70} 1g-R 
60} 39 

50 

ao} 40 

30} 

20} 

10 ra 


! 
50 (00 180 200 250 








300. 350 400 450 500 550 600 
TIME IN DAYS 


Fic. 1 


We did not run an experiment with a diet differing 
from the albumin diet only in replacement of albumin 
by casein, but comparison of curves for diets 1 and 21 
from our earlier data (1) with diet 39 gives a rough 
idea of the relative efhicacy of casein and egg white in 
protecting against p-dimethylaminoazobenzene carcino- 
genesis. Ihe curve for diet 21 is reproduced in Fig. 1 
of this paper, and those for diets 1 and 21 are given in 
Certain 

Diets 
1 and 21 contained 50 per cent more carcinogen than 
Diet 21 
contained 1.5 pgm. of riboflavin per gm., and diet 1 


Figs. 18 and 24 of our earlier paper (1). 
differences between these diets should be noted. 
did 29, and consisted of 20 per cent casein. 
contained 5 wgm. per gm. ‘The albumin diet was pat- 
terned after diet 21, and was intended to contain 1.5 
pgm. of riboflavin per gm., but an assay of the egg white 
revealed a riboflavin content of 21.6 pgm. per gm., 
making the riboflavin content of diet 39 actually 4.7 
pgm. per gm., a level comparable with that of diet 1. 
In our original experiments (1), the curves for diets 
15 and 21 nearly coincided. Presumably, if diet 21 
had been repeated with a concentration of 0.6 mgm. 
of carcinogen per gram, the resultant curve should have 
approximated that of diet 15R. 

Even after allowances are made for more rapid car- 
cinogenesis on those diets containing 0.9 mgm. of car- 
cinogen per gm., it is evident that the 15 per cent 
albumin diet afforded striking protection against carcino- 
genesis as compared with diets low in riboflavin and 
protein (diet 15R), low in riboflavin but containing 20 
per cent casein (diet 21), and containing adequate ribo- 


flavin and 20 per cent caesin (diet 1). However, albu- 


TABLE II 
No. of 50% 
rats Tumor 
Total Effective w:th incidence, 
Diet No. Date begun rats used tctal tumors davs 
15R May 18, 1944 45 16 14 183 
16R * 35 23 15 455 
39 May 29,1944 25 18 10 ° 410 
40 . 25 24 10 never 
21 Sept. 11,1941 30 20 #4115 153 


min offered no more protection than did the addition 
of 3 per cent of liver extract (diet 16R) to diet 15R. 
Incorporation of liver extract (diet 40) into diet 39 
appeared to result in 
carcinogen. 


additional protection against the 
In view of the relatively large number of 
deaths of tumor-free animals on diet 40 as shown in 
Table Il and Fig. 1, the significance of this difference 
is doubtful. 
in the incidence of cirrhosis as revealed histologically 
in diets 39 and 40. Of 11 livers from diet 39 examined 


microscopically, 3 showed no cirrhosis, and of 12 livers 


However, there was a striking difference 


from diet 40, ten showed no cirrhosis and two showed 
slight cirrhosis. ‘There were also fewer deaths among 


rats on diet 40 during the latent period of carcinogenesis. 


DISCUSSION 
No attempt was made to control the biotin or avidin 
it was considered 
This 
opinion has been substantiated by Kline, Miller and 
Rusch (3). 


procarcinogenic effect under proper conditions, our 


content of the albumin diets since 
improbable that these two factors were significant. 


Furthermore, although biotin does have a 


experience (2) leads us to believe that if a biotin-con- 
taining diet gave a tumor incidence comparable to that 
of diets 15R or 21, the removal of biotin would not 
alone suffice to cause the tumor incidence to approximate 
that of diet 39. 


SUMMARY 
Development of liver tumors in rats fed a diet con- 
taining 15 per cent of dried egg albumin and 0.06 per 
cent of p-dimethylaminoazobenzene was greatly retarded 
as compared with the development upon a diet favorable 
The degree of protection was 
greater than that provided by casein and riboflavin, and 


to tumor development. 


seemed slightly enhanced by addition of 3 per cent of 
liver extract. 
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Etiologic Factors in 
Carcinoma of the Penis” 


Robert Schrek, M.D., and Herman Lenowitz, M.D. 


(From the Tumor Research Unit and the Department of Urology, Veterans Administration, Hines, Illinois) 
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The main objective of this paper is to evaluate the 
significance of certain etiologic factors in carcinoma of 
the penis. ‘che factors considered are venereal disease, 
circumcision, and the age and race of the patients. 

A second objective is to illustrate the use of control 
groups in a statistical study. ‘The use of controls 1s 
routine in experimental work and every experimental 
In statistical 
studies on cancer, however, control groups are not as 
frequently used. 


group is checked by one or more controls. 


This paper exemplifies several types 
of control groups and considers the necessity and advan- 
tages in the use of controls in statistical work. 

Clinical and control groups—The first table summar- 
izes some statistics on the clinical and control groups 
studied. The clinical group under investigation con- 
sisted of 139 men with carcinoma of the penis. ‘These 
patients were admitted to Hines Veterans Hospital dur- 
ing the 14 year period from 1931 to 1944. A detailed 
report on these men was published by Lenowitz and 
Graham (1). 


2, 19460) 


1931 to 1944, 


large and cumbersome and has, therefore, limited value 


For most purposes, this group is too 


as a control, 

A second control group, B, was composed of 236 men 
admitted during 1931 to 1944 with carcinoma of the 
kidney. ‘This group was useful in studying the inci- 
dence of venereal disease. It could not be used, how- 
ever, to determine the incidence of circumcision because 
these patients had not been questioned in regard to this 
factor. 

A third group, C, was set up consisting of 209 patients 
who were admitted consecutively to the tumor clinic in 
1944. ‘These patients were interviewed by Mr, Philipp 
Zinkgraf for a study conducted by the U. S. Public 
Health Service. 

The ijast group included 4 men with carcinoma of the 
penis and 2 Jewish men. For theoretical reasons, it 
seemed advisable to exclude these 6 patients leaving a 
new control group, D, of 203 men with tumor, 

The number of colored men in the last control group 


Tas_e [: SratisTicAL DATA ON PATIENTS WITH CARCINOMA OF PENIS AND ON PATIENTS IN THE CONTROL GROUPS 


No. of 
Group patients 
Clinical group 

Men with carcinoma of penis 139 
Control groups 
A. All men with tumor 14,472 
B. Men with carcinoma of kidney 236 
C. Unselected men with tumor 209 
D. Selected men with tumor 203 
E. Colored men with tumor 55 
F,. Colored men with other diseases 113 


* Percentage or average is significantly different from that for the clinical group (P is less than . 


The first control group, A, consisted of the 14,472 
male patients admitted to the hospital with tumor during 





* Presented at. the Annual Meeting of the American 
Association of Pathologists and Bacteriologists March 8, 
1946 (Am. J. Path., 22 :637-638. 1946). 

Published with the permission of the Chief Medical 
Director, Department of Medicine and Surgery, Veterans 
Admunistration, who assumes no responsibility for the 
opinions expressed or the conclusions drawn by the 
authors. 





World Average age « Standard deviation 

War II lf we ‘ 

Year of veterans, Excluding World 

admission % All patients War II veterans 
1931-1944 0.0 49.26 + 9.11 ~ 
1931-1944 3.8 — . 
1931-1944 0.4 48.96 + 6.64 - 

1944 16.7* 50.96 = 11.61 55.31* + 6.74 

1944 16.7* 51.01 + 11.58 55.36* + 6.77 

1945 36.4* 46.23 + 13.29 54.50* + 6.67 

1945 52.2* 40.60* + 13.11 52.87* + 5.34 

Ol). 


Therefore, all 
colored men who happened to be in the hospital on a 


was insufficient for some of the studies. 
certain day in July, 1945 were interviewed. This pro- 
cedure yielded 2 new control groups, E and F, consist- 
ing of 55 colored men with tumor and 113 with other 
diseases. 


Age—To understand the age distribution of the 
clinical and control groups, it is first necessary to con- 
sider the composition of the population from which the 
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patients are derived, During 1931 to 1941, the I and to a lesser extent of Spanish American War ver- 
patients of this hospital were obtained from a fixed erans, ‘Vhe average age of the population from which 
group which consisted chiefly of veterans of World War — the patients were derived was, therefore, increasing from 
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CUMULATIVE FREQUENCY 
DESCRIPTION OF FIGURE 1 


Fic. 1—-Cumulative frequency curve of age distribution of clinical group including 139 patients with carcinoma of 
penis. Curve plotted on arithmetic probability paper. 
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year to year. From 1942 to 1944 veterans of World 
War II were also admitted to the hospital and in 
rapidly increasing numbers. 

The 139 patients with carcinoma of the penis were 
admitted during 1931 to 1944 and none of them 
were World War II veterans. The age distribution of 
the clinical group is represented in Fig. 1 by means 
of a cumulative frequency curve constructed on arith- 
metic probability paper. First of all, it is seen that the 
curve is a straight line. This finding indicates that 
the frequency curve is symmetrical or normal (2). The 
group had an average age of 49.26 years with a standard 
deviation of 9.11 years. The 39 colored men in the 
group had a significantly lower average age (46.35) and 
a lower standard deviation (5.25) than the white men 
(50.40 = 10.00 years). 

The control group, B, consisted of 236 men admitted 
during 1931 to 1944 with cancer of the kidney. Only 
one of the patients (0.4 per cent) served in World War 
Il. The cumulative frequency curve (Fig. 1) is also a 
straight line. A comparison of this curve with that for 
the clinical group shows that the lines intersect at the 
point for 50 per cent and that the slope of the line 
for the control group is slightly less than that for the 
clinical group. The average age is 48.96 years which 
is practically identical with the 49.26 years for the 
clinical group. The standard deviation is 6.64 years 
which is significantly less than the 9.11 for the 
patients with cancer of the penis. The adequacy of 
this group B as a control is considered later. 

Control group D consisted of 203 selected men with 
tumor who were admitted during 1944. The group 
had, therefore, a high percentage (16.7 per cent) of 
World War II veterans. The mixture of the young 
men from the second World War and the older vet- 
erans of the previous wars resulted in the irregular age 
distribution shown in Fig. 1. The curve for this group 
consists of two distinct parts. The first part represent- 
ing 80 per cent of the patients in the group is a straight 
line. The second part of the curve is curvilinear and 
includes all of the World War II veterans. The curve 
exemplifies the value of this type of graph. It shows 
distinctly that the group of patients is derived from two 
distinct populations. In spite of the high percentage of 
World War II veterans the average age of the group 
(51.01 years) and the standard deviation (11.58) are 
not appreciably different from that for the clinical group 
(49.26 = 9.11 years). 

If the World War II veterans are excluded from this 
control group D, the age distribution has a cumulative 
frequency curve which is a straight line. ‘The curve 
is distinctly higher but parallel to that for the clinical 
group. ‘The average age of the subsidiary control group 
D’ is significantly higher (55.31 years) than that for 


ey 


the clinical group (49.26). It is to be noted that both 
groups were drawn from a fixed population which js 
gradually aging. ‘The patients of the control group 
were admitted in 1944 while those for the clinica] 
group during 1931 to 1944 (average date of admission 
was February, 1937). ‘The men in the control group 
were admitted then, on the average, 7 years after 
those of the clinical group and were 6 years older. 

In comparison with the clinical group, it should be 
noted that the control group D (selected men with 
tumor) includes a number of relatively young patients 
and that the subsidiary group F’ (group F but excluding 
World War II veterans) have a relatively high average 
age. The question arises now whether group D or D’ 
are adequate controls for the clinical group. In judging 
a control group, one has to take into consideration the 
factors that are being studied. In an investigation on 
the incidence of cancer, age has to be rigidly controlled, 
In this paper the incidence of cancer in the control 
groups was not studied. ‘The factors that were con- 
sidered included (a) the incidence of circumcision in 
infancy and boyhood, (b) the incidence of venereal 
disease and (c) the percentage of colored men. One 
would not expect that these factors should be greatly 
affected by minor variations in age. ‘Therefore, it 
would seem that either group D or D’ would be ade- 
quate as acontrol. As a further precaution both groups 
D and D’ were used. In all cases, the statistical con- 
stants for group D and subgroup D’ were approximately 
the same in spite of the differences in the average ages. 
This finding supports the belief that age is not a vital 
factor in these studies. 

Similar analyses were made on control group FE, 55 
colored men with tumor and F, 113 colored men with- 
out tumor. ‘These groups have a high percentage of 
World War II veterans (36.4 and 52.2 per cent respec- 
tively) and low average ages (46.23 and 40.60 years). 
Excluding World War II veterans, the average ages 
(54.50 and 52.87 years) were approximately as high 
as that for the subsidiary control group D’ (55.31 years). 

In determining the statistical constants for the factors 
studied in this paper, it was found that there were no 
large differences in the statistical constants for group E 
and F and the subgroups E’ and F’, in spite of the 
higher average ages for the subgroups. In one case, 
however, there did appear a minor, but interesting, dif- 
ference between the groups for colored patients and the 
corresponding subsidiary groups which exclude World 
War II veterans (see Table IV). 

It may be concluded from this analysis of the age 
distributions that the groups B, D, E, and F are ade- 
quate controls to the clinical groups for the particular 
factors considered in this paper. 


Venereal disease—Table I] shows that a history of 





—_ 
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syphilis was obtained in a greater percentage of patients appreciably affect the percentages in the table. The 


in the clinical than in the control groups both for white 
men (32 and 7.6 per cent respectively) and for col- 
ored (67 and 17.5 per cent). Similarly gonorrhea was 
more frequent in men with cancer of the penis than in 
the control patients (36 and 22.0 per cent respectively 
for white men and 72 and 42.1 per cent for colored). 
In fact, the men with cancer of the penis had syphilis 
approximately 4 times as frequently, and gonorrhea about 


observed differences in the percentages do not appear to 
be the result of the selection of cases or to other for- 
tuitous factors. The differences in the incidence of 
venereal disease in the clinical and control groups are 
statistically and biologically significant. Men with can- 
cer of the penis have relatively a very high incidence of 
syphilis and a moderately high incidence of gonorrhea. 

To aid in the evaluation of the finding of a correla- 





twice as frequently as that obtaining in the control 


tion between cancer of the penis and venereal disease, 
groups. Only 48 per cent of the white patients with 


it is necessary to consider the problem whether a patient 


TABLE II: VENEREAL DISEASE IN PATIENTS WITH CARCINOMA OF PENIS AND IN CONTROL PATIENTS 


No. of Percentage of patients with history of 
Group patients Syphilis Gonorrhea Both diseases Neither d‘sease 
WHITE MEN 
Clinical group 
With carcinoma of penis 100 32 36 16 48 
Control groups 
Total 409 7 .O* 22.6* 3.9% 74.3 
B. With carcinoma of kidney 221 9.0 26.2 4.1 69.7 
D. Selected men with tumor 188 5.9 17.0 3.7 80.9 
COLORED MEN 
Clinical group 
With carcinoma of penis 39 67 72 46 8 
Control groups 
Total 183 17.5*7 42.1*+ 9.3*F 49.7*+ 
B. With carcinoma of kidney 15 47 53 20 20 
E. Negroes with tumor 55 18 44 11 49 
F, Negroes with other diseases 113 13.3 39.8 7.1 54.0 
* Percentage is significantly different from that for clinical group (P < .01). a 
t Percentage is significantly different from that for total of white control groups (P< .01). 


penile cancer and only 8 per cent of the colored were 
free of a history of venereal disease. ‘These figures may 
be contrasted to 74.3 and 49.7 per cent of the white 
and colored men with negative histories for venereal 
disease in the control groups. Recalculation of ‘Table 
Il after excluding veterans of World War II did not 


with one venereal disease is more prone to develop the 
other. A priori, one would expect that there is a cor- 
relation in the incidence of syphilis and gonorrhea. The 
incidence of syphilis was calculated in patients with and 
without gonorrhea (Table III). In white patients of 
the control groups, syphilis occurred in a much higher 


TABLE III: INCIDENCE OF SYPHILIS IN MEN WITH HIstToRY OF GONORRHEA 


No. of patients Percentage of men with syphilis 


With Without With Without 
Group gonorrhea gonorrhea gonorrhea gonorrhea 
WHITE MEN 
Clinical group 
Men with carcinoma of penis 36 64 447 25 
Control groups 
Total 90 319 17.8* 4.7 
B. With carcinoma of k:dney 58 163 16 6.7 
D. Selected men with tumor 32 156 22 2.6 
CoLorED MEN 
Clinical group 
Men with carcinoma of penis 28 11 64 73 
Control groups 
Total 76 106 21 14 
B. Men with carcinoma of kidney 7 7 28 57 
E. Colored men with tumor 24 31 25 13 
F. Colored men with other diseases 45 68 18 10 


* Percentage is significantly different from that for patients without gonorrhea (P < .01). 
+t Percentage is probably significantly different from that fcr patients without gonorrhea (P = .01 to .05). 
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percentage of men with gonorrhea than in those without 
(17.8 and 4.7 per cent respectively). The other per- 
centages are based on small groups and are not definitely 
significant. ‘The data support the @ priori assumption 
that men with a history of gonorrhea have a relativelv 
high incidence of syphilis. 

Circumcision.—A detailed analysis of the incidence of 
circumcision is presented in Table IV. Of 39 colored 
and 100 white men with carcinoma of the penis, none 
were circumcised before the age of 6. In contrast, 17.9 
per cent of the colored and 12.8 per cent of the white 
non-Jewish men in the control groups were circumcised 





trol groups (2.1 and 3.7 per cent). The circumcisions 
during the ages 17 to 35 years occurred usually while 
the men were in the Army during World War I and II. 

The findings suggest that circumcision performed 
early in life protected white and colored men against 
carcinoma of the penis but circumcision later. in life 
had no effect on the incidence of penile cancer. 

Is the low incidence of carcinoma of the penis in men 
circumcised early in life due to or associated with a low 
incidence of venereal disease? ‘Table V shows that a 
negative history of venereal disease was given by 83 per 
cent of the white and 50 per cent of the colored men 


TABLE LV: CrRCUMCISION IN PATIENTS WITH CARCINOMA OF PENTS AND IN CONTROL PATIENTS 


Percentage of patients circumcised 








At age of Prior to admission 
No. of patients r 4~ = ~— 
Group in group 0-5 years 6-16 years 17-35 years 4-8 years 0-3 years 
WuIitTE MEN 
Clinical group 
Men with carcinoma of penis 100 0 2 5 3 21 
Control group 
D. Selected men with tumor 188 12.8* 2.1 3.7 0.5 0.0* 
CoLoreD MEN 
Clinical group 
Men with carcinoma of penis 39 0 0) 3 3 18 
Control groups 
Total 168 17.9* 3.0 3.6 0).0 3.0* 
E. Colored men with tumor _ 55 24 2 () 0 4 
F. Colored men with other diseases 113 15.0 a5 5.3 0.0 2.7 
Write Men Excitupinc Wortp War II 
VETERANS 
Control group D 154 11.7 2.6 4.5 0 0) 
CoLorED MEN ExcLtupING WorLp War II 
VETERANS 
Control groups—total 89 247 2 5 0 l 


+ Percentage is significantly higher than that for the corresponding white control group. 
* Percentage is significantly different from that for the corresponding clinicai group. 


early in life. The difference in the percentages for 
the clinical and control groups is statistically significant. 

The incidence of circumcisions in white men during 
the ages of 6 to 16 years and 17 to 35 years was the 
same for the clinical (2 and 5 per cent) as for the con- 


circumcised early in life, and by 82.9 and 52.8 per cent 
of the white and colored uncircumcised patients. Evi- 
dently men who were circumcised early in life had the 
same incidence of venereal disease as non-circumcised 
men, ‘The non-occurrence of carcinoma of the penis 


TABLE V: INCIDENCE OF VENEREAL DISEASE IN CIRCUMCISED AND NoN-CIRCUMCISED MEN IN THE CONTROL GROUPS 


Percentage of patients with history of 
= 





No. of patients Both Neither 
Group in group Syphilis Gonorrhea diseases disease 
WHITE MEN 
Control group 
D. Selected men w.th tumor 
Not circumcised 152 6.6 14.5 4.0 82.9 
Circumcised at age of 0-5 years 24 0) 17 () 83 
Circumcised at age of 6-35 years 12 8 50 8 50 
CoLorRED MEN 
Control groups 
Total, E and F 
Not circumcised 123 15.5 40.7 8.9 52.8 
Circumcised at age of 0-5 years 30 13 43 7 50 
Circumcised at age of 6-35 years 15 13 40 7 53 
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in circumcised men is not the result of a low incidence 
of venereal disease. 

Race.—It is seen in Table VI that, of the 139 men 
with carcinoma of the penis, 28.1 per cent were colored, 
In contrast, the percentage of colored patients in the 
control groups was approximately 7 per cent or only 
one-fourth of that found for the clinical group. ‘The 
difference in the percentage colored for the clinical and 
control groups is statistically significant. In another 
s.udy (3) based on the mortality statistics of the United 
States for 1930 to 1934, the percentage colored for 
men with cancer of other genitourinary sites (chiefly 
penis) was significantly higher than that for all men with 
cancer (14.74 and 4.61 per cent, Table VI). The find- 
ing of a high percentage colored for carcinoma of the 
penis both in Hines Veterans Hospital and in the Mor- 
tality Statistics of the whole country indicates strongly 
that this high percentage is not only statistically but is 
biologically significant. 


—— 


the white men. Circumcisions early in life were found 
in 17.9 per cent of colored and 12.8 per cent of the 
white men. ‘The difference in the percentages is not 
definitely significant. On excluding the World War II 
veterans, the colored men had a significantly higher inci- 
dence of early circumcisions than white men (24 and 
11.7 per cent, Table IV). It may at first seem sur- 
prising that such a large number of colored men were 
circumcised during infancy or babyhood. The high 
incidence may be attributed to the tendency of interns 
and residents, particularly in the South, to circumcise 
colored infants born in hospitals. Incidentally, it may 
be pointed out that the figures show that this tendency 
is decreasing. ‘The young colored veterans of World 
War II were circumcised less frequently as infants than 
the older colored veterans of World War I. 

Lack of circumcision is then not the factor which is 
responsible for the high incidence of carcinoma of the 
penis among colored men. 


TABLE VI: RACIAL DISTRIBUTION OF PATIENTS WITH CARCINOMA OF PENIS AND OF CONTROL PATIENTS 


Group 
Clinical group 
With carcinoma of penis 


Control groups 


A. All men with tumor 
B. With carcinoma of kidney 
D. Selected men with tumor 


Mortality Statistics, U. S. 1930-1934 
With cancer of other genitourinary sites 
All men with cancer 


No. of Percentage 
patients colored 
139 28.1 
14,472 6.8* 
236 6.4* 
203 7.4* 
1,411 14.74 
278,860 4.61* 


* Percentage is significantly different from that for corresponding clinical group. 


The relatively high percentage of colored patients in 
the group with carcinoma of the penis suggests that 
Negroes have a higher incidence of this tumor. The 
questions arise whether the frequency of this tumor in 
Negroes is due to (a) a lower incidence of circumcision 
in colored men, (b) a greater incidence of venereal 
disease, or (c) a racial susceptibility to penile cancer. 
These three factors can be tested statistically. 

The relative incidence of circumcisions in white and 
colored men of the control groups is shown in Table IV. 
It is seen that, in the early age groups, the percentage 
of Negroes with circumcisions was slightly but not sig- 
nificantly higher than the corresponding percentages for 


The factor of venereal disease is considered in Table 
II. In the control groups, the colored men had approxi- 
mately twice the incidence of syphilis as white men 
(17.5 and 7.6 per cent) and twice the incidence of 
gonorrhea (42.1 and 22.0 per cent). The difference 
in the percentages are significant. Only one half of the 
colored but three-fourths of the white men were free 
of venereal disease. Evidently Negroes contracted 
venereal disease about twice as frequently as white men. 

Is the high incidence of venereal disease in colored 
patients responsible for the high incidence of carcinoma 
of the penis among Negroes! This problem was 
studied by analyzing the 14,472 men with tumor into 


TABLE VIL: EstiMATED INCIDENCE OF CARCINOMA OF PENIS IN WHITE AND COLORED PATIENTS WITH AND WITHOUT 
VENEREAL DISEASE 


Group 


All men with tumor admitted 1931-1944 

With tumor but without history of venereal disease 
With tumor and history of syphilis 

With tumor and history of gonorrhea 

With tumor and history of both venereal diseases 


Estimated number of 


Estimated percentage of men 
of men in group 


with carcinoma cif penis 


White Colored White Colored 
13,490 982 0.74 3.97 
10,003 488 0.48 0.62 
1,022 172 3.13 15.12 
528 9] 3.03 19.78 
2,968 413 1.21 6.78 
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groups with and without venereal disease and estimating 
The data 
presented in Table VII were not corrected for circum- 
cised and Jewish patients, but these two factors did not 
affect the conclusions that may be drawn from the table. 

Of the 14,472 patients from the tumor clinic, 10,003 
white and 488 colored men were, it is estimated, free 
Of these 0.48 per cent of the white 
and 0.62 per cent of the colored patients are believed 


the incidence of penile cancer in each group. 


of venereal disease. 


The difference in the 
From this 
finding it would seem that white and colored men who 


to have had cancer of the penis. 
percentages is not statistically significant. 


do not develop venereal disease are equally susceptible 
to carcinoma of the penis. There is then no evidence 
of any unusual susceptibility of Negroes to carcinoma 
of the penis or of any immunity of white men to this 
lesion. 

In 1,022 white men with a history of syphilis 
approximately 3 per cent had cancer of the penis, while 
in 172 colored syphilitic patients 15 per cent had penile 
cancer. Similarly, 1.21 per cent of the white and 6.78 
per cent of the colored men with gonorrhea had, it 1s 
calculated, carcinoma of penis. Even if the factors of 
syphilis and gonorrhea are controlled, the colored men 
Evidently 


venereal disease by itself did not account for the high 


still had a higher incidence of this tumor. 


incidence of carcinoma of the penis in colored men. 


DISCUSSION 
Venereal disease—It has been shown that patients 
with carcinoma of the penis have a very high incidence 
Evidently there is a correlation 
This finding can 
Either syphilis and 


gonorrhea are predisposing causes of carcinoma of the 


of venereal disease. 
between the tumor and the infection. 
be interpreted in one of two ways. 


penis or there is some other factor that predisposes both 
Statistics by 
itself cannot give an answer as to which interpretation 


to venereal disease and to penile cancer. - 
is correct. From a knowledge of the pathogenesis of 
these diseases, it seems evident that gonorrhea is not a 
direct cause of cancer of the penis. Presumably some 
other factor predisposes both to gonorrhea and to cancer 
of the penis. 

Racial factors—Carcinoma of the penis occurs rela- 
tively frequently in Negroes, is infrequent in white, 
non-Jewish men and is practically unknown in Jews. 
Is this distribution due to inherited racial charactistics 
or is it dependent on environmental factors! 

Carcinoma of the penis has not been observed in non- 


Pre- 


sumably, the absence of cancer of the penis in Jews 


Jewish men who were circumcised early in life. 


is explained by their religious practice of circumcision 
eight days after birth. 


to formulate the hypothesis of an inherited racial 


It does not then seem necessary 


immunity. 


The high incidence of carcinoma of the penis in 
Negroes raises the question of racial susceptibility. The 
present that free of 


venereal disease have penile cancer as infrequently as 


data have shown colored men 


white men. There did not seem to be a racial sus- 
ceptibility in colored men free of venereal disease. The 
findings suggest that environmental, not racial, factors 
determine the incidence of carcinoma of the penis. 





Poor sex hygiene—Since venereal disease and racial 
immunity have been excluded as being primary etiologic 
factors in cancer of the penis, the question arises 
whether poor sex hygiene is a predisposing cause. Poor 
sex hygiene is not, of course, a single factor but conzists 
of a group of correlated habits such as promiscuity, Jack 
of prophylaxis, infrequent or inadequent washing, and 
failure to obtain early medical treatment for minor 
inflammatory penile lesions. 

It seems proper to judge the sex hygiene of a group 
Its high 
incidence among colored men is an indication of the 
The high 


incidence of both syphilis and gonorrhea in men with 


of men by the incidence of venereal disease. 
poor sex habits practiced by many Negroes. 


cancer of the penis is probably an indication that patients 
with penile cancer had practiced poor habits. Appar- 
ently, poor sex hygiene predisposes both to venereal 
disease and to carcinoma of the penis. 

In venereal disease, the primary disposing factors 
are promiscuity and lack of phophylaxis. In cancer of 
the penis, the primary predisposing factors may be such 
factors in sex hygiene as the infrequent or inadequate 
washing of the genitalia and the improper care of 
inflammatory penile lesions. 

The hypothesis that poor sex hygiene is a predis- 
posing factor in penile cancer explains the high inci- 
dence of venereal disease and the high percentage of 
Negroes in the 139 patients studied. 

Circumcision.—One of the most interesting findings 
of the present study is that circumcision early in life 
apparently protects against carcinoma of the penis but 
circumcision during boyhood or manhood has no appre- 
It would 
have been of interest to know the exact reasons for the 


ciable effect on the incidence of the tumor. 


circumcisions in the clinical and the control groups, but 
this information was not available. 

What protects men circumcised early in life against 
That they do not practice any better 
sex hygiene is indicated by the incidence of venereal 


penile cancer! 
disease among these men. It is possible that circum- 
cision lessens the accumulation of smegma and dirt 
If this hypothesis 1s 
correct, one would expect that circumcision during boy- 
hood should also protect against cancer of the penis. 
There is a possibility that the individual circumcised 
early in life is protected against penile cancer not by 


and in this way inhibits cancer. 
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cleanliness but by some other process, the nature of 
which is not known. 

There is, then, a factor—circumcision—which occurs 
in the infant and which affects the incidence of tumor 
adult. Perhaps other factors operating in 
infancy determine whether the adult develops other 
types of cancer. 


in the 


When the clinician or the research 
worker takes a history of a patient with cancer of the 
stomach, for example, the patient is questioned with 
regard to occupation, diet, and other factors that affect 
the adult. Perhaps it would be more important to ask 
about the patient’s feeding habits as an infant. 


Etiologic factors—The present findings suggest that 


there are two fundamental etiologic factors in carcinoma 
of the penis. ‘The first is circumcision in early life. 
This seems to offer by an unknown method almost com- 
plete protection against penile cancer later in life. This 
factor suffices to explain the almost complete absence of 
this tumor in Jewish men. The second etiologic fac- 
tor, poor sex hygiene, seems to be responsible for the 
following statistical findings: (a) the high incidence of 
venereal disease in men with carcinoma of the penis, 
(b) the relatively greater frequency of carcinoma of the 
penis in colored men, (c) the high incidence of venereal 
disease in colored men, and (d) the high incidence of 
syphilis in men with a history of gonorrhea. It may 
be concluded that carcinoma of the penis can be pre- 
vented either by good sex hygiene or by circumcision 
early in life. 

Control groups.—A previous paper (4) has presented 
a discussion on the types of control groups that may be 
used in statistical studies in cancer. ‘This work exem- 
plifies the use of several different types of control 
groups. A review of Tables I to IV shows that there 


was good agreement in the data obtained for the dif- 
ferent control groups. 

It should be noted in passing that the data on 
venereal disease and circumcision in patients with car- 
cinoma of the penis (Tables Il and IV) are, by them- 
selves, interesting and descriptive. | No conclusions, 
however, can be drawn when one studies the clinical 
group by itself. A comparison of the clinical and the 
control groups, as in T'ables II and IV, leads to conclu- 
sions that are almost as clear-cut and decisive as in a 
planned experiment. 


SUMMARY AND CONCLUSION 

As compared with the control groups, the group with 
carcinoma of the penis contained a high percentage of 
Negroes, had a high incidence of syphilis and gonorrhea, 
a very low incidence of circumcisions early in life and 
the same incidence of circumcision during boyhood and 
early manhood. Positive correlations were obtained for 
the factors carcinoma of the penis, syphilis, gonorrhea, 
and the colored race. The common denominator in 
these four factors appears to be poor sex hygiene. ‘The 
incidence of carcinoma of the penis could be reduced 


either by early circumcision or by good hygiene. 
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On the Production of Sarcoma with Wheat Germ 
Oil. Harris, P. N. [Eli Lilly and Co., Indianapolis, 
Ind.] Cancer Research, 7 :26-34. 1947. 

Although treatment was prolonged and large amounts 
of oil were given, no tumors were obtained as a result 
of oral administration of ether-extracted wheat germ oil 
to rats. Following repeated subcutaneous or intraperi- 
toneal injections of various types of wheat germ oil, sar- 
comas were obtained in 2 mice and 16 rats. The tumor 
percentage for mice was 5% of the effective total, and for 
rats was 8% of the effective total injected—Author’s 
abstract. 


Production of Sarcoma in Rats with Light Green 
SF. Harris, P. N. [Eli Lilly & Co., Indianapolis, Ind. ] 
Cancer Research, 7:35-36. 1947. 

Subcutaneous injection into the same region of an 
aqueous solution of the dye light green SF twice weekly 
for a period of 33 weeks resulted in development of sar- 
comas at the site of injection in 15 of an effective total 
of 24 rats. During the first month a 2% solution was 
used, but thereafter, the concentration was increased to 
The latent period varied from 35 to 85 weeks.— 
Author’s abstract. 


” 
3%. 


Reciprocal Effects of Natural Immune Bodies 
from Chickens and Ducks on Variants of a Sarcoma 
Virus. DurANn-ReyNALS, F., and Kine, J. W. [Yale 
Univ. Sch. of Med., New Haven, Conn.] Cancer Research, 
7:21-25. 1947. 

This investigation was carried out to determine, first, 
the nature of the resistance of chickens and ducks to 
the Rous chicken sarcoma virus, and its variants in ducks, 
and second, the nature of the changes that took place in 
the virus in the process of mutation or variation. The 
immune bodies that develop naturally in the blood of 
aging chickens neutralize both the viruses of the chicken 
tumor and its duck variants as tested on both chickens 
and ducks. Therefore, the resistance of chickens against 
these viruses is linked with the presence of humoral fac- 
tors and might be explained on this basis. On the con- 
trary, comparable immune bodies from aging ducks neu- 
tralize only duck tumor viruses as tested on ducks, but 
not as tested on chickens; nor do they neutralize chicken 
tumor viruses as tested on either chickens or ducks. 
Therefore, the refractory state of ducks against hetero- 
logous chicken viruses, solidly established very shortly 
after hatching, cannot be linked with humoral factors but 
rather belongs to the so-called species resistance. How- 
ever, the resistance of these hosts against the virus after 
it has varied and has become a duck virus is linked with 
humoral factors and might be explained on this basis. 
One may add that, with the tumor viruses here studied, 
the species resistance is far more effective than is the 
humoral resistance, and that the presence of natural 
specific immune bodies against the viruses is an indica- 
tion of actual or potential susceptibility to these viruses. 
Analysis of the 8 possible sequences that can be obtained 
by testing the effect of chicken and duck sera against. 


homologous and heterologous tumor viruses on homo- 
logous and heterologous hosts indicates that a pronounced 
antigenic change has taken place in the virus in the 
process of variation.—Authors’ abstract. 


Growth of Avian Tumors Other Than the Rous 
Sarcoma in the Anterior Chamber of the Guinea 
Pig Eye. Surictey, E. W., Greene, H.S.N., and 
Duran-Reynats, F., [Yale Univ. Sch. of Med., New 
Haven, Conn.] Cancer Research, 7:15-20. 1947, 

It has been found that the Rous sarcoma is not the 
only avian tumor that will grow in the anterior chamber 
of the guinea pig eye. Two spontaneous growths origi- 
nating in chickens and 3 methylcholanthrene-induced sar- 
comas, from chicken, guinea fowl and pigeon respectively, 
have been found to be transplantable to the eye of the 
guinea pig. Like the Rous sarcoma, these tumors do not 
grow to such a size as to completely fill the chamber. In 
general, tissue fragments in the alien host grow for 10 
to 20 days and then regress in size over varying periods 
of time. However, in the case of one slow-growing spon- 
taneous chicken tumor healthy tissue was recovered from 
the rodent’s eye 83 days after inoculation.—Authors’ 
abstract. 


The Role of Heredity in the Etiology of Cancer. 
Martynova, R. P. Bull. Exper. Biol. & Med., 19 :12-15., 
1945. 

The author mentions the role of heredity in certain 
tumors of fish, insects and mammals, but suggests that 
definite relationship between heredity and cancer has not 
been established conclusively. She assumes that if cancer 
is a hereditary disease, susceptibility to cancer in identical 
(monozygotic) twins is equal and this susceptibility 
should differ in fraternal (dizygotic) twins. If there is 
no difference in morbidity between the two groups, she 
feels that it proves that the hereditary factory is insig- 
nificant in cancer etiology. The author bases her report 
on 478 pairs of twins with cancer included among 45,000 
tumor patients collected from 20 cancer institutes in the 
USSR. Reliable data was obtained only on 126 sets of 
twins, of whom 31 were identical and 95 fraternal. 
Among the former, cancer was found in 4 pairs of twins, 
or 12.9%, and among the latter in 13 pairs or 13.7%. The 
difference is not significant and a hereditary disposition, 
based on these figures is not established. She concludes 
that. cancer cannot develop without mutation of a germ 
or somatic cell, and is not hereditary since somatic muta- 
tion is the precursor in the great majority of cases. 
A detailed theoretical discussion on mutation is included. 
—J. H. 


Cholesterol Content of the Urine in Patients with 
Cancer. Brucer, M. [New York Post Graduate Med. 
Sch. and Hosp., Columbia Univ., New York, N. Y.] 
Arch. Int. Med., 72 :108-114. 1943. 

The excretion of cholesterol in the urine in 26 normal 
subjects ranged from 0.27 to 3.88 mgm. in 24 hours with 
a mean of 1.69+ 0.85 mgm. In 28 patients with a variety 


188 








Abstracts 


189 





—— 


of clinical disorders other than cancer, the meat excre- 
tion of cholesterol was slightly higher than in the normal 
subjects (2.01 mgm. in 24 hours), but for the most part 
the individual variations fell well within the normal 
range. In 8 of 32 patients with cancer, the excretion 
of cholesterol in the urine was significantly elevated above 
normal; the highest value noted was 47.8 mgm. in 24 
hours in a patient with adenocarcinoma of the rectum. 
The mean amount of urinary cholesterol for this group 
was 6.09 mgm. in 24 hours. No correlation was observed 
between the sedimentation rate, the plasma cholesterol con- 
tent and the degree of cholesteroluria. Hypercholestero- 
luria occurs independently of loss of protein in the urine; 
some theoretic considerations are offered to account for 
this phenomenon.—Author’s summary. (J.G.K.). 


A Study of the Effect of Certain Dietary Factors 
on the Production of Tar-Carcinoma in Mice. 
CAMERON, A. T., Mettzer, S., and LEDERMAN, J. M. 
[Univ. of Manitoba, Canada] Canad. J. Research, 23, 
Sec. E:50-69. 1945. 

The development of carcinoma in mice painted with 
gasworks tar or with 3,4-benzpyrene was not affected by 
varying the protein content of the Waddell-Steenbock 
diet from approximately 14% to 26%. When 1,2,5,6-di- 
benzanthracene was used as the tarring agent, the results 
were inconclusive because of the delay in onset of car- 
cinoma. Inconclusive results were also obtained in an 
experiment designed to study the effect of the dietary 
content of essential unsaturated fatty acids on 1,2,5,6-di- 
benzanthracene carcinoma.—M. H. P. 


The Solubilization of Polycyclic Aromatic 
Hydrocarbons by Purines. WeiLt-MALHERBE, H. 
[North of England Council of the British Empire Cancer 
Campaign, Royal Victoria Infirmary, Newcast!e upon 
Tyne, England] Biochem. J., 40:351-363. 1946. 

Aqueous solutions of caffeine were shaken with solid 
3,4-benzpyrene, filtered, passed through alumina and the 
benzpyrene estimated by fluorimetry. Experiments were 
also carried out on other polycyclic aromatic hydrocar- 
bons, as well as about 40 purines and purine derivatives. 
The effects of varying the concentration of purine over 
avery wide range were also studied. 

The discussion is on the mathematical relation of solu- 
bility change to concentration, the theory of the mechan- 
ism of solubility, constitution and solvent activity, and 
a comparison of choleic-acid with other hydrocarbon sol- 
vents.—I. H. 


Effects of Purines on Fluorescent Solutions. 
WeIL-MALHERBE, H. [North of England Council.of the 
British Empire Cancer Campaign, Royal Victoria Infirm- 
ary, Newcastle upon Tyne, England] Biochem. J., 40: 
363-368. 1946. | 

The fluorescence of 3,4-benzpyrene (lugm./ml.) in 
1% aqueous caffeine solution is reduced to 87% by addi- 
tion of 0.001 normal H2SO,, to 13.5% by 0.02 normal 
H2SO, and not influenced by 0.2 normal H2SO:. This 
effect is reversible on neutralization of the acid. The 
compounds resulting in this reduction have to be present 
in great excess (many thousands of molecules per mole- 
cule of fluorescent compound). These observations have 
been extended by studying the inhibitory effect of differ- 
ent (1) purines and purine derivatives, (2) acids, (3) 
solvents, and (4) polycyclic aromatic hydrocarbons. The 
effects of these agents on fluorescent compounds other 
than hydrocarbons has also been studied. The physico- 


chemical theory and relation of constitution to inhibitory 
activity are discussed.—I. H. 


Succinic Dehydrogenase and Cytochrome Oxidase 
in Epidermal Carcinogenesis Induced by Methyl- 
cholanthrene in Mice. CarrutHers, C., and Sunrt- 
zEFF, V. [Barnard Free Skin and Cancer Hosp., and 
Washington Univ. Sch. of Med., St. Louis, Mo.] Cancer. 
Research, 7 :9-14. 1947. 

The activity of succinic dehydrogenase and cytochrome 
oxidase in the epidermis of mice undergoing carcinogene- 
sis by methylcholanthrene has been investigated. The 
activity of succinic dehydrogenase in normal and in hyper- 
plastic (methylcholanthrene-treated) epidermis is the 
same, but almost a four-fold increase occurs in the activity 
of this enzyme when the cells become carcinomatous. On 
the other hand the cytochrome oxidase activity of hyper- 
plastic epidermis (after 6 and 12 paintings on alternate 
days with methylcholanthrene) was slightly greater than 
normal, but the activity of late hyperplastic epidermis (18 
and 24 applications of the carcinogen) was nearly twice 
that of normal. In the carcinoma the activity of this 
enzyme was less than that of late hyperplastic epidermis, 
but greater than that of normal. Benzene, the solvent for 
the carcinogen, had a slight inhibitory effect upon the 
activity of both enzymes. The relationship of the enzymes 
with the metals, calcium, iron, copper, and zinc, is briefly 
discussed. Two tables and one figure are appended.— 
Authors’ abstract. | 


The Inhibition of Urease and Succinoxidase by 
Metabolic Products of p-Dimethylaminoazobenzene 
and by Some Related Amines. Exson, L. A., and 
Hocu-Licetr, C. [Royal Cancer Hosp., London, Eng- 
land] Biochem. J., 40:380. 1946. 

The compounds tested were aniline, p-aminophenol, 
o-, m-, and p-phenylenediamine, as-dimethyl-p-phenylene- 
diamine, as-diethyl-p-phenylenediamine, N :N :N’ :N’-tetra- 
methyl-p-phenylenediamine, benzid:ne, 2 :4’-diamino-5-di- 
methylaminodiphenyl, and Bindschedler’s green. Rat organs 
were used and included the liver, kidney, spleen, testis, also 
tumors of the liver. The inhibition of urease by those com- 
pounds which are oxidized on exposure to air increased toa 
maximum during such exposure, indicating that the actual 
inhibitor is an intermediate product. Aniline and benzi- 
dine, which are not readily oxidized thus, are not inhibi- 
tory. All the p-diamines tested, and o-phenylenediamine, 
are strongly inhibitory; m-phenylenediamine is only 
slightly active. In general, those amines which inhibit 
urease also inhibit succinoxidase, but with the latter agent 
the oxidation of the amines by the cytochrome system is 
so rapid that maximum inhibition is obtained at once and 
a decrease in activity takes place on exposure to air. In 
the succinoxidase system with addition of cytochrome c 
the higher concentrations of the inhibitory amines (10°- 
10*M) generally give initially an increase in O, uptake fol- 
lowed by complete inhibition of the enzyme activity. With 
lower concentrations (10°-10-°M) only a gradually in- 
creasing inhibitory effect is observed. Without addition 
of cytochrome c the results are less uniform in that the 
higher concentrations cause inhibition only in some of 
the livers; the lower concentrations are often inactive. 
The succinoxidase of the liver of animals which had been 
fed p-dimethylaminoazobenzene, even in tumor-free parts 
of the liver of tumor-bearing animals, showed the same 
general behavior towards the amines as that of control 
animals. On tissues of low oxidative capaci‘y (spleen, 
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testis, Walker sarcoma, liver tumors induced by p-di- 
methylaminoazobenzene and 2-acetamidofluorene) no in- 
hibitory effect on the OQ. uptake in presence of succinate 
is produced by amines that inhibit tissues of high suc- 
cinoxidase content.—E. L. K. 


A Note on the Action of Tannin upon Tumour 
Glycolysis. Lasnirzki, A. [Cancer Research Lab., 
Med. Sch, Univ. of Birmingham, Birmingham, England | 
Biochem, J., 40:203-204. 1940, 

Panme acid (0.1%) added to slices of the Jensen rat 
sarcoma, inhibited anerobic glycolysis (CO: production in 
an atmosphere of Ny plus 5% CQO.) by 40%. It is sug- 
gested that (1) the tannic acid acts by dehydrating the 
enzyme proteins, (2) the activity of the enzymes is de- 
pendent upon the degree of hydration, and (3) the high 
water content of rapidly proliferating tissues facilitates 
the activity of the glycolytic enzymes.—l. H. 


Discussion on Leukaemia and Leukosis in Man 
and Animals. ENGreiereru-Hoim, J. [ London, Ene- 
land | Proe. Noy, Soe, Med., 39 :735 740. LO40, 

The discussion opened with a paper on the comparative 
pathology of animal leukosis by Engelbreth-Holm, who 
regards the term “leukosis” as properly contined to true 
autonomous and malignant growths arising from the hemo- 
poietic tissues. Speaking on avian leukemia, Blakemore 
discussed the connection between this condition and both 
visceral and neural lymphomatosis, in relation to the uni- 
tary theory ot Biester and DeVries (tseases of Poultry, 
lowa, 1944) which attributes these diseases to a single 
virus and classifies them as the “leukosis complex.” In 
Blakemore’s experience, the neurolymphomatosis virus is 
much more infective for chicks than for older stock. 
It can be increased in virulence by rapid animal passage 
and then the agent produces a markedly different disease 
characterized by necrosis of the capillary walls. 


Other contributors included E. G. White, who discussed 
leukemia in dogs: J. M. Alston, R. |. Ludford, G. R. 
Cameron and L. Foulds also contributed to the discussion. 


—R. H. 


Desoxyribose Nucleic Acid from Isolated 
Chromosome Threads in Experimental Epidermal 
Methylcholanthrene Carcinogenesis in Mice. 
GorpaL-AYENGAR, A. R.. and Cowpry, E. V. [Barnard 
Free Skin & Cancer Hosp., and Washington Uny. Sch. 
of Med., St. Louis, Mo.] Cancer Research, 7:1-8. 1947. 

Disruption of nuclear membranes releases into the sur- 
rounding medium the chromosomal elements which can 
then be isolated, concentrated and purified by differential 
centrifugation. Chromosomes of Swiss mice were thus 
isolated from normal epidermis, epidermis rendered hyper- 
plastic by methylcholanthrene, and chromosomes from a 
transplantable squamous cell carcinoma. The concentra- 
tions of desoxyribose nucleic acid in the masses of iso- 
lated chromosomes were determined. In hyperplastic epi- 
dermis the concentration was less than in normal epider- 
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mis, Whereas in squamous cell carcinoma it was greater. 
Authors’ abstract, 
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Relative Sensitivity of Chromosomes to Neutrons 
and X-Rays. III. Comparison of Carcinoma and 
Lymphosarcoma in the Rat, MARSHAK, A., and 
Braptey, M., Proc. Nat. cad. Sc., 31:84-90. 1945. 

Survival curves (log °/o normal vs. dose) for chromo- 
somes of Ptcta faba root tips, lymphoma (mouse), lym- 
phosarcoma and carcinoma (rat) obtained at the inter- 
vals 3, 8, 12, 18, and 24 hours after treatment with either 
X-rays or neutrons all fit the equation Y =< e*, When 
the slopes (A) are plotted as a function of time there is 
a progressive decrease in & with time in all tissues studied 
except at. the l2-hour interval where there is either a 
plateau as in the cases T°. faba, lymphosarcoma, carci- 
noma, or a peak as found with the lymphoma. It is in- 
ferred from this observation that the stage in the nuclear 
evele occurring at the time of the 12-hour interval repre- 
sents a eritical period in the physiology of all chromo- 
somes studied, 

Relative eflicrency of neutrons and x-rays in producing 
chromosome damage is evaluated trom the ratio of 
obtained with x-rays (#/a) at each time interval. In all 
amimal tissues and all plant species studied n/a 6 for 
the phase of the nuclear eycle, which reaches anaphase 3 
hours after irradiation, In contrast to this marked uniform. 
itv there is striking variation /v in other phases of the 
nuclear resting stage not only between species but in a 
single type of tissue in any one species. Changes in n/x 
with time in any one type of cell may be used to identify 
phases in physiological activity of chromosomes in differ- 
ent parts of the resting stage. In terms of the ratio n/x, 
chromosomes of lymphosarcoma of the rat behave more 
like those of lymphoma in mouse than chromosomes of 
carcinoma of the rat. These results are taken to indicate 
that in the process of differentiation during ontogeny and 
also) during “dedifferentiation” in carcinogenesis — the 
chromosomes become altered in their physiology. One 
cannot therefore infer that the genetic theory which re- 
quires that the genome remain constant during embry- 
ogeny also implies that the chromosomes remain un- 
changed—Authors’ abstract. 


Plant Tumours Induced by the Combined Action 
of Wounds and Virus. Brack, L. M. [Rocketeller 
Inst. for Med. Research, Princeton, N. J. | Nature, Lon- 
don. 158:50-57. 1946. 

Plant tumors can be induced in numerous host species 
by a virus previously described (L. M. Black, Am. J. 
Bot., 32:408. 1945), and experiments have now con- 
firmed the earlier suggestion that such tumors arise in 
association with the wounding of plant tissues. That the 
tumor tissue is capable of indefinite growth without the 
differentiation of normal plant organs was shown by 
crafting fragments of the growth to healthy plants, and 
by growth in vitro on White’s medium without production 
of roots, stems or leaves. Two figures illustrate the gross 
and microscopic appearances of such tumors on the roots 
of infected sweet clover.—A. H. 
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Clinical and Pathological Reports 


Clinical investigations are sometimes included under Reports of Research 


Mutrovrire Tumors 


The Multiplicity of Origin of Malignant Tumors. 
Collective Review. Sraucirer, D. P. (Univ. of Hh, 
Coll, of Med., lducational, and 
terian -losps., Chicago, Surg., Gynec, & 
Internal, clbst,, 7989-98, 1944, 

The problem of multiple tumors is 
three standpormits to determine whit, if 
patterns of localization: (1) the microscopic origin of 
single tumors, (2) the benign and malignant tumors 
known or generally considercd to be of multiple origin, 
and (3) an analysis of tabulated cascs of double primary 
carcinomas. J. Ge As, 
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DIAGNOSIS 


The Vaginal Smear in the Diagnosis of Uterine 
Cancer. I’remont-Smitit, M., GRAHAM, R. M.. JANZEN, 
Lo T., and Mris, J. Ve [Vineent Memorial Hosp. of 
Massachusetts General Tlosp., and -Tlarvard Med. Seh, 
joston, Mass.] J. Clon Lendocrinol., 5:40-41, 1945. 

This is a brief report calling attention to the usefulness 
of vaginal smears in the diagnosis of uterine cancer and 
is based upon a study of this material from 813 women. 
The authors conclude that cancer even in the early stages 
can be diagnosed by this method. A positive smear is 
presumptive evidence of cancer and the patient should 
have a biopsy immediately despite any lack of clinical 
evidence of disease. A negative smear does not exclude 
the possibility of cancer but is strong evidence against 


}. BoE. 


its presence, 


Tieraey—GENERAL 

Some Effects of Testosterone, Testosterone 
Propionate, Methyl Testosterone, Stilbestrol, and 
X-Ray Therapy in a Patient with Cushing’s Syn- 
drome. Drakins, M. L., Friepcoop, H. B., and Ferr- 
REBEE, J. W. [Harvard Med. Sch., and Peter Bent Br g- 
ham Hosp., Boston, Mass.| J. Clin. Endocrinol., 4 :376- 
384. 1944. 

In a 15 year-old girl with clinical and laboratory evi- 
dence of Cushing’s disease, androgenic treatment in the 
form of daily intramuscular injections of 25 mgm. of tes- 
tosterone propionate or of daily oral doses of 40 mgm. of 
methyl testosterone for 16 days, did not produce demon- 
strable clinical benefits but did increase the acne, hirsutism, 
and general virilism of the patient. Notwithstanding the 
lack of clinical benefit, the treatment with ‘testosterone 
propionate brought about a _ positive nitrogen balance 
amounting to several grams daily and diminished consid- 
erably the excretion of creatine. Treatment with methyl 
testosterone in contrast to that with testosterone pro- 
pionate preduced a still greater retention of nitrogen and 
an increase rather than a decrease in creatinuria. Daily 
intramuscular injections of large amounts (2 to 10 mgm.) 
of diethylstilbestrol were of. no benefit clinically and were 
accompanied by nausea and a transient hyperglycemia. 
Irradiation of the pituitary gland was followed by les- 
sening of the virilism and of the plethora and by the 
appearance of normal menstrual periods.—J. B. H. 


A Case of Cushing’s Syndrome Treated with Tes- 
tosterone Propionate. Wuiitre.aw, M. J. |[Char-.es 
S. Wilson Memorial Hosp., Johnson City, N. Y.| J. Clin. 
Iendocrinol., 4:480-482, 1944, 

A 17 year-old boy with indubitable evidence of Cush- 
ing’s disease received treatment with intramuscular injec- 
tions of 25 mgm. of testosterone propionate daily or on 
alternate days. ‘This was followed by a noticeable gain 
in strength and increase in creatinuria plus slight aug- 
mentation of the excretion of creatinine, an elevation of 
blood levels of creatine, and an increase in libido. The 
osteoporosis, hypertension and excretion of calcium re- 
maimed unchanged.J. B. H. 


Treatment of Breast Cancer with Testosterone 
Propionate. A Preliminary Report. ees, FE. 
[Buenos Aires, Argenunal J. Clim. Iéndocrinol., 4:121- 
125. 1944. 

Varying degrees of benefit in 3 women with mammary 
cancer are stated to have followed treatment with imtra- 
muscular injections every other day of 25 mgm. of tes- 
Case 1, a 34 year-old woman, had 
an alveolar type of mammary carcinoma along with a 
large uterine fibroma. Roentgenographic examination in 
October, 1941, showed evidence of infiltration of the hilum 
of the right lung but no skeletal metastases. Upon radi- 
cal mastectomy in November, 1941, the presence of epi- 
theliomas in the right axillary lymph giands was revealed. 
Roentgen-ray treatment was then given. In July, 1942, 
widespread metastases to the skeleton were demonstrable 
by x-ray. By July, 1943, when the patient was cachectic, 
unable to move her head, and suffering great pain despite 
daily dosage with 0.15 to 0.2 gram of morphine, treat- 
ment with testosterone propionate was begun. After 250 
mem. of testosterone propionate had been received, yvom- 
iting and pain became less. After receipt of 700 mgm. 
the fibroma had disappeared and metastatic nodules in the 
supraclavicular and cervical regions (apparently derived 
from the mammary cancer) had decreased in volume. The 
patient became ambulatory, regained her appetite, and 
showed signs of virilism. Roentgenographic examination 
in September, 1943, indicated no change in the status of 
skeletal metastases, but by December, 1943, there was 
considerable improvement and general calcification about 
the sites of metastases in the skeleton. In December, 
1943, a cervical node was excised and compared histo- 
logically with an axillary node removed 2 years before. 
Now there was a much higher proportion of fibrous tis- 
sue and some walling off of the nests of cancerous tissue, 
an effect to which the author attributes the beneficial 
action of the endocrine treatment. 

Cases 2 and 3 are reported in less detail and although 
they were stated to have been benefited by androgenic 
treatment, improvement does not seem to have been as 
noticeable as in Case 1.—J. B. H. 


tosterone propionate. 


Treatment of Carcinoma of the Cervix by Inter- 
stitial Radium Needles at the Rhode Island Hosp. 


Supplemental Report. WaTERMAN, G. W.. and 
DiLeone, R. [Providence, R. I.] Am. J. Obst. & Gynec.. 
50 :482-488. 1945. 


S«rvival rates for the 5 and 10 year intervals of 309 
cases previously reported are given. Oi the whole group 
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100 patients survived for at least 5 years, and 69 of these 
survived for 10. Recently 5 year survival rates have 
been better due to the use of deep x-ray as a mode of 
treatment. Methods of therapy are given.—A. K. 


Sclerosing Agent in Treatment of Subluxation of 
Mandible and of Hemangiomas of Mouth. Satman, 
I. [U. S. N. R.] U.S. Nav. M. Bull., 44:361-369. 19:6. 

Report of favorable results obtained by injecting heman- 


giomas of the oral cavity with a sclerosing solution.— 
C. W. 


SKIN AND SUBCUTANEOUS TISSUES 


Le traitement des cancers primitifs de la peau et 
des orifices cutanéo-muqueux a la Foundation 
Curie. [The Treatment at the Curie Foundation 
of Primary Cancers of the Skin and Muco-Cutane- 
ous Orifices.] TamLHerer, A., and CourtTIAL, J. [Unv. 
of Paris, Paris, France] Bull. Assoc. frang. p. étude du 
cancer, 31:85-115. 1943. 

Skin epitheliomas and epitheliomas of the muco- 
cutaneous orifices both have a variable prognosis, depend- 
ing on their localization and their extension. There is 
no sharp difference between basal-cell and _ spinus-cell 
epitheliomas as far as their radio-sensitivity is concerned. 
The different kinds of treatment are discussed. When 
metastases are present, the authors prefer surgery and 
complete removal of the invaded lymph nodes. Where 
there is a recurrence of the cancer in situ, radiotherapy 
is indicated if surgery was applied first; surgery is indi- 
cated if radiotherapy was the initial treatment.—R. J. 


Basal-Cell Carcinoma of Face, with Remote 
Metastases and Pathological Fractures. Sincer, A. 
[Oldchurch County Hosp., Romford, England,] Brit. J. 
Surg., 32 :537-538. 1945. 

The primary tumor, which had caused extensive ulcera- 
tion of the face, had an unequivocal appearance of basal- 
cell carcinoma. Metastases of the same _ histological 
character were present in both femors, which were frac- 
tured, and in the ilium.—E. L. K. 


Multiple Idiopathic Hemorrhagic Sarcoma of 
Kaposi in a Full-Blooded Negro. Persxy, B. P., and 
Lisa, J. R. [City Hosp., Welfare Island, Dept. of 
Hosps., New York, N. Y.] Arch. Dermat. & Syph., 49: 
270-272. 1944. 

Report of a case.—J.G. K. 


Kaposi’s Sarcoma and Lymphatic Leukemia. 
Report of a Case with Histologic Evidence of the 
Two Diseases in the Same Lesion. Sacus, W., and 
Gray, M. [New York Post-Graduate Med. Sch. and 
Hosp., Columbia Univ., New York, N. Y.] Arch Dermat. 
& Syph., §1:325-329. 1945. 

A case report.—J. G. K. 


_ Aborigines. 





Bowen’s Disease Associated with Anaplastic Car- 
cinomatous Tumour. Miurcuett-Heces, G. B., and 
Crow, K. D., Proc. Roy. Soc. Med., 39:687. 1946. 

Description of a case.—E. L. K. 


Adenoma Sebaceum. With Report of a Case. 
AronstaM, N. E. [Detro.t, Mich.] M. Rec. 157 :411-412. 
1944. 

In the cases of adenoma sebaceum which the author has 
observed, the disease was not (contrary to other reports) 
related to mental retardation, and was not alleviated by 
hormones, vitamins, physiotherapy, or any other measures 
tried. One case is presented in detail, in which no im- 
provement followed 6 months of therapy by x-ray, ultra- 
violet radiation, foreign proteins, Fowler’s solution, vita- 
min B complex, or endocr:ne preparations.—M. H. P. 


Nervous SYsTEM 


Notes on the Pathology of Cranial Tumors. 1. 
Osteomas of the Skull with Incidental Mention of 
Their Occurrence in the Ancient Incas.  Aszorrt, 
K. H., and Courvitie, C. B. [Coll. of Med. Evangelists, 
and Los Angeles County Hosp., Los Angeles, Calif.] 
Bull. Los Angeles Neurol. Soc., 10:19-34. 1945. 

An illustrated review, with bibliography, and a descrip- 
tion of osteomas found in Inca skulls at the San Diego 
Museum is given. In 3 of the Inca specimens, the 
frontal bone was the seat of the growth, in 2 the parietal 
bone, and in 2 the occipital bone. 

The available facts regarding the location and develop- 
ment of osteomas of the skull suggest that these tumors 
result from some perversion in the union of the suture 
lines, possibly with the formation of isolated cell rests 
of osseous or cartilagenous character.—M. H. P. 


Notes on the Pathology of Cranial Tumors. 2. 
Metastatic Tumors of the Calvarium with Inci- 
dental Reference to Their Occurrence in American 
CourviLLe, C. B., and Aspott, K. H. 
[Coll. of Med. Evangelists, and Los Ange'es County 
Hosp., Los Angeles, Calif.] Bull. Los Angeles Neurol. 
Soc., 10:129-154. 1945. 

Six instances of metastatic lesions of the skull were 
found in 30,000 autopsies at Los Angeles County Hospi- 
tal; the primary lesions were in the breast, uterus, lung, 
and thigh. A seventh case is presented in which the 
cranial metastasis from a thyroid tumor was observed 
while the patient was still alive. Seven ancient American 
skulls studied in the San Diego Museum are described, 
in which defects, apparently arising from myelomas or 
metastatic tumors, appeared in the cranial vault. The 
literature on metastatic tumors of the skull is reviewed, 
with an extensive bibliography.—M. H. P. 
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